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PLATES XV-XXII. 
The  literature  of  the  digitalis  series  is  already so  extensive  that 
some apology may seem needed for adding yet another to  the long 
list  of  papers  on  the  subject.  But  except  in  a  few  more  recent 
researches, the only method hitherto employed instudying its  action 
on  the  mammalian  circulation has  been  the  manometric estimation 
of the blood pressure in the systemic arteries--a procedure which is 
entirely unsuited for giving satisfactory results as to the action of a 
drug on the heart.  A  number of other methods for registering the 
cardiac movements are, of course, in use in physiological laboratories, 
but few of these are adapted for pharmacological work,  as here the 
changes appear more slowly and last longer than those produced by 
physiological means,  and  the  apparatus  must,  therefore,  be  such  as 
will permit of much longer observations than are generally necessary 
in the physiological laboratory.  I  had worked on the digitalis  pro- 
blem with several of these, among others, Martin's elimination of the 
peripheral circu]ati0n, the intracardiac pressure methods, and Stefani's 
method  of  using  the  pericardium as  a  plethysmograph,  when  Roy 
snd Adami's work on the heart appeared, and I  determined, after con- 
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~ulting Professor Roy,  to  use  the  two  methods  there  described.  I 
may say at once that I  have been perfectly satisfied with their appar- 
atus,  which is  comparatively easily managed and gives results which 
are,  I  think, of great value in  pharmacological work.  I  have  made 
use  of the  apparatus  with  a  number  of  other  poisons  besides  those 
of the  digitalis group,  and  have found it very satisfactory, not only 
giving details  of changes  in  the  heart  hitherto  unknown,  but  even 
registering  the  rate  of  the  heart  beat  much  more  accurately  than 
the manometer. 
I~IISTORICAL. * 
The  action  of digitalis  has been  the  subject  of investigation  for the 
last century,  but beyond  the slowing  of the heart observed  first in man 
by Witheringt  and in the lower  animals  by Schiemann,  there was little 
advance  in  ascertained  fact  until  Blake,  ill 1839,  discovered  that  the 
blood pressure was raised by the injection of the infusion  into an artery. 
On  the explanation  of these two facts--the  slowing  of the heart and the 
increase  in the  arterial tension--the  attention  of workers  in this field 
has been wholly concentrated  until qnite recently. 
After the publication  of Blake's paper  there appeared,  so far as I can 
discover, no experimental  work  until 1851, when  Traube  stated that the 
slowing  of the heart  could  be removed  by section of the pneumogastric 
in the neck, and  ascribed  it, therefore,  to stimulation  of the inhibitory 
centre  in the  medulla  oblongata.  He  refuted  by  this  experiment  the 
statement  of Stannius,  which  appeared  in the  same  year, that  digitalis 
acted only directly on the heart.  Traube  in the same  paper  announced 
that larger doses of digitalis, after stimulating,  paralyze  the vagus,  and 
that the heart, thus released from control, increases to a rate far exceeding 
the normal.  Eventually  the motor  system  of the  heart  becomes  para- 
lyzed and standstill follows.  Traube supposed that the vagus stimulation 
would lower  the blood  pressure,  but  did  not make any experiments to 
ascertain if this  was  so.  Lenz and  Briquet  in 1853 confirmed Blake's 
discovery of the rise  in blood pressure  during the period of slowing,  and 
concluded that the latter was therefore not due to  vagus  action; while 
Winogradoff could detect no change in the blood pressure during the slow- 
ing, and therefore agreed with them in declaring that Traube's theory of 
vagus stimulation was untenable.  In 1861 Traube published the results 
For  the  history  of  digitalis  in  the  earlier  part  of  this  century  I  must 
refer to Sehmiedeberg's paper in the Arch.  f.  exp, Path.. und Pharm., xvl, p.  149. 
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of a  long series of kymographion experiments, which  agreed with those 
of Lenz and of Briquet in showing marked  slowing accompanied by an 
increase  in  blood pressure.  This  new  phenomenon  of increased  blood 
pressure  required  some  other  explanation  than  the  vagus  stimulation, 
which he still looked upon as the chief action of the drug, and he there- 
fore assumed that  both the  inhibitory and  the  motor nervous mechan- 
isms of the heart were first stimulated and later paralyzed, the action on 
the inhibitory apparatus  preceding that  on the m~tor in each case.  In 
this  paper  he  acknowledges  that  section  of the  vagus  does  not  always 
remove the slowing of the heart, and therefore assumes  without further 
reason that the  intracardiac  inhibitory nerves are  stimulated  as  well as 
the centre in the medulla. 
While after 1861  the facts that  digitalis in small  quantities slows the 
heart by vagus action and raises the blood pressure, and in larger quanti- 
ties quickens the heart and eventually lowers the pressure to zero, were 
not seriously disputed, every step of Traube's explanation has been hotly 
contested, and but few of them have stood the examination.  Thus Klug 
denies that  the inhibitory apparatus  in the heart  plays  any role in the 
slowing,  believing  that  it  is  due  to  stimulation  of  the  centre  in  the 
medulla  solely, and that  it  is  entirely removed by section  of the vagus, 
although he agrees with  Boehm and  Kaufmann  that  the  irritability  of 
this  nerve is  increased  by  digitalis.  Others,  however,  such  as  Marm~, 
Ackermann,  Bulgari,  Sehnabl,  Popper, and  Kaufmann,  found that  sec- 
tion  of the  pneumogastrJc  did  not  prevent  entirely the  slowing,  while 
Ackermann showed that the administration of atropin did so.  The slow- 
ing  therefore  seems  to  be due  mainly  to  stimulation  of  the  pneumogastric 
centre, but partly also to increased irritability (stimulation)  of the termina- 
tions of the pneumogastric in the heart. 
Another question was  raised by A.  B. Meyer, who suggested that  the 
vagus stimulation was not a primary action of the series, but was due to 
the increased arterial tension.  This explanation was reiterated by Meyer 
and Brunton, but never received wide credence, and has been refuted by 
several observers, who  observed very marked  slowing accompanied by a 
low blood pressure (Kaufmann, Bubnoff, Popper, and others).  In many 
cases  in  which  large  doses  were  applied  I  have  observed  a  subnormal 
pressure accompanied by very marked  slowing (see Experiment V).  In 
fact, in most cases in which the diastolic pauses described later occurred, 
the blood pressure was little above, or even fell below, the normal height. 
The action on the vagus centre therefore seems  to be a direct one,  or at any 
rate is not an effect of the increased blood 'pressure. 
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stages of digitalis action--the paralysis of the pneumogastric--has proved 
insufficient, for Ackermann  found it to  occur in experiments in  which 
the pneumogastric influence had been removed from the first by atropin. 
On the other hand the vagus is believed to have lost control of the heart 
in the stage of acceleration, for electrical stimulation has no effect (Ack- 
ermann, Klug, Bubnoff, Kaufmann, etc.), although Marm6 disputes this. 
In  the  rabbit  the  inhibitory  action  is  much  less  marked  in  digitalis 
experiments,  and,  there  being  scarcely  any  acceleration  beyond  the 
normal  (Klug),  stimulation  of the  vagus  is  followed  by slowing  up  to 
the end of the experiment (MarmC Klug).  Some other factor has there- 
fore to be assumed than  the mere paralysis  of the inhibition, and  Klug 
therefore maintains that the quickening is due, at any rate partly, to the 
increased irritability  of the  motor ganglia  of the  heart,  while  Bubnoff 
considers the acceleration to be due to paralysis  of the inhibit,~ry appa- 
ratus  together with  stimulation  of the  accelerator system.  In  view  of 
the fact that the heart muscle is undoubtedly acted on by this group, it 
seems  to  me  unnecessary  to  assume  any  action  on  the  more  or  less 
hypothetical  motor  ganglia  of  the  heart.  Besides,  as  I  have  satisfied 
myself, the same increase  in irritability occurs in the  non-ganglionated 
apex of the frog's heart,  which shows  a  much greater tendency to beat 
if  suspended  in  blood to  which  digitalis  has  been  added  than  in  un- 
poisoned blood (cf. Tschistowitsch).  One effect of increased irritability 
of  the  cardiac  muscle  was  shown  by  Harnack  and  Witkowski  to  be  a 
diminution of the inhibitory power of the pneumogastric; and Schmiede- 
berg and Koppe, and later Boehm, showed that in the frog's heart digi- 
falls  tends  to  remove  the  inhibitory  standstill  of  muscarin.  I  should 
~suggest,  therefore, that  although the  fatigue  of  the  inhibitory  apparatus 
may in part account  for the acceleration  of the heart in the later stages  of 
digitalis poisoning, a factor of greater  importance  is the increased  irrita- 
bility of the heart muscle,  which refuses to be further controlled by inhi; 
bitory impulses.  As I  shall show presently, the same two opposing fac- 
tors are in action throughout the first stage, and the acceleration merely 
indicates that the muscular action has  overcome the inhibitory.  In the 
dog  the  irritability  is  generally  so  nmch  augmented  that  the  heart  is 
accelerated beyond the normal rhythm, and electrical stimulation of the 
vagus is entirely without effect on the rate of the ventricle.  In one or 
two experiments, however, I  found distinct slowing and diastolic pauses 
produced by vagus stimulation in the last stage of poisoning; and in the 
others,  although  the  rate  was  not  changed  by  it,  a  distinct  tendency 
towards the diastolic position was caused in the ventricle and a lessening 
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rabbit, the increase in the irritability is less marked than in the dog, and/ 
the heart may still be slowed by vagus stimulation. 
It does not seem to have occurred to Traube, even in his later work on 
the subject, that any other cardiac mechanism except the nervous ganglia 
was affected by digitalis.  This was owing to the fact that his  attention 
was  confined  to  the  mammalian  circulation,  and  the  most  important 
advance  which  we  owe  to  the  numerous  researches  on  the  action  of 
digitalis  on the frog's heart is the  knowledge that the  chief results are 
due  to  the  changes  produced in  the  muscular  and  not  to  those  in  the 
nervous mechanism.  Boehm seems to be the first who  emphasized this 
point,  and his  view has  found the support,  I  think,  of almost  all later 
writers.  The  details  of  the  changes  in  the  heart  muscle  have  been 
studied by Schmiedeberg, who brought forward the theory that the chief 
alteration  was  an  increase  in  the  elasticity  of the  heart  muscle.  This 
explanation has received wide  acceptance, but has been rendered some- 
what doubtful by Roy's work on the elasticity of the heart. 
The  cause  of the  rise  in  blood  pressure  after the  administration  of 
digitalis has been no less a  matter of dispute.  Blake attributed it  to a 
contraction of the peripheral vessels, and this forgotten explanation was 
again revived by Marm~ and supported by Brunton, Brunton and ~[eyer, 
M~gevand,  Siergiejenko, v.  Schroff jun., Legroux, Gourvat, Ackermann, 
Brunton and Pye, Rummo and Ferranini, Bubnoff and Klug.*  On the 
other  hand  Boehm,  Ghrz,  Popper,  Schmiedeberg  and  his  pupils  (e. g. 
Williams  and  Koppe)  have always  maintained  that  the  rise  in pressure 
is  due to the  increased strength  of the  heart  and that  the  vessels have 
here little or no influence on the change.  Their arguments  have been, 
however, very largely drawn from the behavior of the frog's heart,  and 
this  differs so greatly from that  of the  mammalian under digitalis  that 
too great  importance must  not  be  given to deductions from  it.  While 
I  do not wish to enter into the literature of the action of this  series on 
the cold-blooded heart, I  may remark that although the individnal con- 
tractions are generally acknowledged to be strengthened by digitalis, the 
experiments of Donaldson  and  Stevens show that  less  blood  is  thrown 
out  per  minute  than  in  the  normal  condition,  so  that  even  in  those 
animals  the  rise. in  blood  pressure  cannot  well  be  due  to  the  cardiac 
action. 
The further question arose as to the part played by the vaso-constrictor 
centre in the rise of pressure, and  here Tranbe and Boehm were at first 
Since  this  paper  was  sent  to press,  a  further  article  by  Brunton  and 
Tunnicliffe has appeared supporting this point of view.  Journ. or Physiology, 
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at one in denying that digitalis conld produce an increase in the tension 
after the  spinal  cord had  been cut.  Boehm,  however,  soon  recognized 
that the rise in pressure is, at any rate in part, independent of the vaso- 
constrictor  centre,  and  gave  expression  to  his  change  of  view  in  the 
dissertation of his pupil  GSrz, thus  confirming the statement  of Acker- 
mann  in  this  particular,  while  stoutly maintaining  that  the  peripheral 
vessels are not contracted.  Some few other writers contend also for the 
action on the vasomotor centre (Marm6, M6gevand, Siergiejenko, Gourvat, 
and  lately Dotschewski),  but  most  workers  on the  subject  allow that  a 
marked increase in arterial tension occurs even after division of the cord, 
although the question is still  unsettled as to whether the centre may not 
participate to some extent in the rise occurring in the uninjured animal 
(Klug).  A  further argument  for the  vascular  action  of the  group  has 
been found in the behavior of the mammalian vessels observed on direct 
examination.  Legroux,  Gourvat,  Ackermann,  Brunton  and  Pye,  Bub- 
noff and  Klug maintain  that  the  vessels can be seen to contract; Brun- 
ton and Meyer express themselves as uncertain, while accepting the vas- 
cular action on other grounds;  G5rz and Koppe could make out no con- 
traction,  while  Popper  was  satisfied  that  the  vessels  were  redder  after 
strophanthin  than  before it.  Several of the  supporters  of the  vascular 
action did not observe any narrowing of the calibre of the vessels of the 
frog's web.  A very large majority, then, seem to entertain the belief that 
the rise of pressure is to a  large  extent due to action on the peripheral 
~rteries,  although  they ahnost  all  admit  that  the  increased  activity  of 
*he heart also plays a  part in the phenomenon.  The medullary centres 
were, however, shown not to be essential to the rise in pressure,  and by 
a process of exclusion it could be shown that the peripheral arteries were 
the seat  of action to a  large  extent.  Some, however, not  satisfied with 
this reasoning, examined the calibre of the peripheral vessels and found 
them  narrowed  even  after  section  of the  vasomotor  nerves  leading  to 
them  (Brunton and  Pye, Bubnoff and Klug), while  Gourvat found nar- 
rowing to occur only so long as the vessels were in connection with the 
governing centres. 
A  mass  of  other  evidence  has  accumulated  for  the  action  of  these 
drugs  on the peripheral vessels.  Thus  Kobert, Thomson, Bubnoff, and 
Talma  and  v.  der  Weyde  found  that  the  quantity  of  blood  passing 
through the kidneys and other "surviving "  (iiberlebende) organs is very 
much diminished by the administration of any of the series.  The objec- 
tions have been raised that these organs were not normal and that larger 
quantities of the drug were added to the blood than could circulate in it 
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method of Bradford and  Philipps,  who  measured  the  amount  of  blood 
in  the  kidney  by  means  of  Roy's  oncometer  and  found  that  digitalis 
lessened that organ considerably, thus showing that the renal vessels are 
narrowed.  As regards strophanthin, they state that they observed little 
effect on the calibre of the renal vessels; but in one of the tracings given, 
a lasting, though small diminution in the size of the kidney is to be seen, 
while in another the drug seems to have had no effect on the blood pres- 
sure and the kidney enlarges.  Delsaux  is said  to have found also  that 
strophanthin does not change the volume of the kidney measured by the 
oncometer.  There  is  a  very general  opinion  that  strophanthin  differs 
from digitalis in possessing but little action on the vessels, and it is not 
unlikely that the members  of the  series vary in this respect.  Work  on 
this question is at present being carried on in my laboratory, and I  hope 
to give the results in a  future commnnication.  However that  may turn 
out, I  think the evidence is overwhelming that the rise iu pressure  in the 
arteries is  to  a  considerable  extent  due  to  action  on  the  muscular  walls  of 
the arterioles. 
The fall in arterial tension  towards the  close  of the  action is  almost 
nniversally ascribed to failure of the heart.  Brunton suggested that the 
arterioles dilated owing to paralysis of their walls after the primary con- 
traction, but Bubnoff has shown that in "  surviving" organs no dilation 
occurs even with very large quantities of the drug and after long experi- 
ments. 
Several observers  (Stannius,  Ackermann,  etc.)  found  the  heart  non- 
irritable  after the  thorax  was  opened,  but  Klug  maintains  that  this  is 
~rne  only for dogs,  in  which  the  unpoisoned  heart  loses  its  irritability 
very soon after standstill,  and that  in  rabbits  the  irritability lasts  very 
much longer. 
Many  observers have  described at  length  the  variations  of the  blood 
pressure in what  is known  as the  irreglllar stage.  These are  no  doubt 
of interest, but I  do not think it possible to draw correct inferences from 
them as to the state of the heart, as many have attempted to do.  I  shall 
therefore not  discuss  them  here, but  refer those  interested  to  Boehm's 
paper, in which they are described at some length. 
In  concluding  this  account  of the  literature  concerning  the  rise  of 
blood pressure, I  must state that most observers, while holding that the 
increase is due mainly to one or other cause, concede that it may be in 
part due to all three  heart, vasomotor centre, and peripheral vessel walls. 
There is reason to believe that the different members of the series do not 
all act to the same extent upon these three factors.  Thus while the vas- 
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to  a  considerable  extent  responsible  for  the  increased  tension,  stro- 
phanthin,  as mentioned above, is believed to cause it more by its direct 
action on the heart. 
Besides the examination of the blood pressure in the systemic circula- 
tion, some other methods have been used to determine the action of this 
group on the  circulation.  Thus Ackemnann measured the  venous pres- 
sure  in the  iliae veins and  found it  practically unchanged  by digitalis, 
while  Popper  found  the  venous  pressure  fall  as  the  arterial  rose  after 
strophanthin injection.  If the arterial pressure is not nmeh raised and 
the heart is very much slowed, the venous pressure may rise.  From these 
results he draws the somewhat dangerous inference that the cause of the 
increased arterial pressure is the action on the heart. 
Ludwig's  Stronmhr has been applied  by Kramnik and by Hemmeter, 
of  whom  the  former  found  small  quantities  of  digitalis  quicken  and 
larger quantities slow the circulation, while Hemmeter found the velocity 
uniformly lessened.  Kaufmann,  using  the  hmmodromograph  of  Chau- 
veau, found the velocity of the  blood current lessened during the  stage 
of increased arterial blood pressure. 
A  good deal of work has been done of late years on the effects of this 
series on  the  pulmonary circulation.  Tlms  Popper  found  the  pressure 
in the pulmonary artery only very slightly increased  in the  one experi- 
ment which he performed with this method.  Bradford and Dean found 
also merely an insignificant increase in pressure in the pulmonary artery 
after strophanthin, while digitalin caused a  much more marked increa.~c. 
Tschistowitseh  found, however, the  vessels  of the  surviving  lung much 
narrowed by hellebore.  Openehowski observed that the  pressure  in  the 
pulmonary  artery  first  fell  and  then  rose  again  somewhat  above  the 
normal.  These  changes,  however,  he  considers  due  to  the  action  on 
the  systemic  circulation,  and  not  to  any  direct  influence  on  the  right 
heart  or  pulmonary  circulation.  In  fact  the  whole  of  his  paper  is 
devoted  to  showing  that  under  helleborein  the  pulmonary  circulation 
and  right  heart  show  no  abnormalities  which  may  not  be  considered 
indirect results of the changes in the systemic circulation, and to explain- 
ing the absence of the symptoms of direct action on the right ventricle. 
In  order to  do  this  he  puts  forward the  extraordinary theory that  the 
right  heart is acted  on, but that  the  effects of the  drug  are  masked  by 
the simultaneous contraction of the right coronary artery, which by pro- 
ducing inanition of the right ventricle neutralizes the stimulant  effect of 
the drug.  Why this action should be confined to the right  coronary he 
does not explain.  He supports his position by several arguments, such as 
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before the right~ but in the heart poisoned with helleborein the sequence 
is reversed.  On direct inspection the right ventricle beats twice as  fast 
as  the  ]eft,  and  the  former  is  dilated  while  the  latter  is  contracted. 
This difference in the rhythm can also be seen in blood pressure tracings 
from the pulmonary and carotid arteries.  The left coronary artery was 
distended with Mood, while the right seemed to contain less than before 
the  injection.  Ecchymoses could be  found  in  the  left ventricle,  while 
none could be found in those parts of the right ~entric]e supplied exclu- 
sively by  the  right  coronarY.*  LaStly,  the vagus  action  on  the  right 
ventricle seemed weakened by he]leborein.  Bayet is said to support the 
assertions  of  Openchowski  as  to  the  dissociation  of the  right  and  ]eft 
ventricles under  digitalis,  but  I  have  been  unable  to  obtain  either  his 
original paper or c~en a satisfactory abstract of it. 
Knoll, working with  the  same  methods  and the  same  drug  as  Open- 
chowski, came to very different results.  These two seem the first to use 
the  method  of direct  inspection  of the  heart.  Unfortunately both  in- 
jected  such  large  quantities  of  the  drug  that  they  missed  the  most 
important  part  of the  action---the first  or therapeutic  stage.  This was 
natural enough in Kno]l's case, because he wished to investigate, not the 
therapeutic action of the drug, but what is known as the irregular stage. 
Openchowski, on the other hand, made deductions as to the therapeutics 
of the drug without apparently having observed the therapeutic stage  of 
its  action.  Knoll  explains  the  variation  in  rhythm  in  Openchowski's 
tracings  as  an  illusion  caused  by the  one  artery  having  a  bigeminons 
pulse  due  to  two  independent  contractions  of  the  ventricle,  while  the 
other  shows  two  full  pulse  waves.  He observed  no  difference  in  the 
rhythm of the two sides of the heart.  The left ventricle does not neces- 
sarily beat longer than the right, but may cease simultaneously with  or 
even in advance of it.  No rise in pressure occurs in the pulmonary cir- 
culation at the time of the marked increase in systemic tension.  He is 
the first writer to mention the periodic character of the heart's action in 
the  later  stages  of  poisoning,  and  his  paper  is  in  fact  almost  wholly 
devoted to the  "  Incongruenz" or absence of correspondence in the tone 
and  strength  of contraction of different parts  of the  heart  at  any  one 
time.  The  periodic  stage  observed  by  him  is  marked  by  intervals  of 
'excessive  diastolic  dilatation,  alternating  with  periods  of  lessened  and 
imperfect  dilatation.  In  other  cases  a  series  of  small  contractions 
alternates  with  another  in  which  the  movements  are  very  large,  and 
Bubnoff found extravasations under the endoeardium in both ventricles, 
although more distinct in the left, as well as in other organs.  Orfila found 
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several  other  forms  of periodic  variation  are  described  by  him.  This 
periodic irregularity may occur in  any division  of the  heart,  while the 
others beat fairly regularly, or two  parts  may be  observed to be under- 
going the same form of irregularity at the same time, although the large 
contractions  of the  one correspond in  time  with  the  small  ones  of the 
other.  It is impossible to do justice to Knoll's paper without reproduc- 
ing  his  tracings,  and  I  must  therefore  refer  those  interested  to  the 
original. 
There seems, then, a consensus of opinion that the pressure in the pul- 
monary artery is not changed to nearly the same degree as that in the carotid 
by the administration  of several of these drugs,  although  some  of them 
at any rate increase the pressure to a small extent. 
A  few observers have recently used more direct methods of registering 
the movements of the heart.  Of these Tschistowitsch found that in the 
mammalian  heart,  isolated  from  its  vascular  and  nervous  connections, 
helleborein increased the activity of the heart and the amount  of blood 
expelled by it in a unit of time, but he does not go into any detail as to 
the changes observed. 
Kaufmann and Rolleston investigated the  endocardial pressure under 
members of this  series by introducing sounds into the different cavities, 
Kaufmann into the right heart and Ro]leston into the left.  The diastolic 
and systolic auricular pressure, according to the former, is increased for a 
time  and  then  decreases, both  changes being due to the  contraction  of 
the  peripheral vessels.  The ventricular pressure in systole and  diastole 
increases  simultaneously  with  the  auricular,  but  the  systolic  remains 
augmented for a much longer time, while the diastolic ventricular pres- 
sure  falls at the  same  time  as the  auricular.  The increase  in  diastolic 
pressure  in  the  ventricle  he  supposed  to  be  due  to  the  heart  failing 
to relax sufficiently.  The rise in the ventricular pressure curve at each 
contraction is  more  rapid  and  the  fall  slower  than  normal.  Rolleston 
found that strophanthin increases the n,  axinmm pressure in-~he left ven- 
tricle during the period of slow rhythm.  The ventrieular dicrotie notch 
is increased, as he considers, owing to the increased rapidity of the circu- 
lation and the increased output of each contraction of the heart.  Zerner 
found a fall in the pressure in the left auricle accompany the rise in the 
aortic pressure.  Stefani and Gallerani assert that after digitalin the heart 
can relax against  a  greater pressure  in  the  pericardimn  than  normally. 
Stefani found later that  this  result  persisted  after  section  of the  vagi, 
and concluded that it is due to a direct action on the cardiac muscle.  He 
was  apparently  ignorant  of  the  fact  demonstrated  by  Aekermann  and 
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it is not sufficient therefore to divide the vagi.  Roy and Adami describe 
the first effect of strophanthus as an increased force and efficiency in the 
contractions  of  the  papillary  muscles,  without  any,  or  with  only very 
slight,  increase in the  force of the  contraction of the ventricular walls. 
Large doses of strophanthus weaken the ventricular wall, but to a  much 
greater extent the papillary muscles, which may cease to move while the 
wall still contracts.  Before this occurs, dissociation of the contractions of 
the  two  parts  may  occur,  the  papillary  muscles  sometimes  contracting 
with the ventricular wall,  sometimes failing to  contract, and  sometimes 
contracting twice for the single contraction of the ventricle. 
After I  had commenced my work on this subject a  new paper by Knoll 
appeared, describing the rcsMts obtained by a method of registering the 
movements of all four divisions of the heart simultaneously.  By the use 
of this  somewhat inaccurate apparatus  he found that helleborein causes 
arhythmia, increase in the extent of individual systoles or diastoles, and 
periods  of augmented  and  diminished  activity  of movement.  Each  of 
~he four divisions may show variations quite independent of the  others, 
and no one featnre can be said to occur exclusively in one division.  The 
auricles generally cease contracting before the  ventricles.  The purpose 
of this paper, like that of his former one, is to show the "Incongruenz" 
of the four divisions of the heart, and the author contents himself with 
appending  a  large  number  of  tracings  without  attempting  either  to 
describe  or to  explain  them.  I  am  pleased to  find  in  his  tracings  the 
same features as in my own during the second or periodic stage, but,  as 
in his former paper,  he  overlooks entirely the  characteristic  changes  of 
the heart in the earlier stages of the action of these remedies. 
EXP~IM~i~TAL. 
A  considerable number of my observations were made without the use 
of apparatus,  by opening the thorax and  exposing the  heart,  of  course 
with the use of artificial respiration.  The drllg was  then  injected into 
the jugular vein, and the changes that occurred in the cardiac movements 
were carefully noted.  These experiments were made on cats and rabbits, 
but  the  dog's  heart  may also  be  observed quite  satisfactorily while  the 
myocardiograph is attached, and I  have always controlled the tracings of 
the levers by observing the heart directly.  The changes in the mammalian 
heart  are,  however,  much  more  difficult  to  follow  than  those  in  the 
slowly contracting heart of cold-blooded animals, and I  do not think that 
I  could have satisfied myself as to  their  course without  the  aid  of the 
graphic  method.  The  apparatus  used  were  the  myocardiograph  and 
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as an apparatus with which the distance between two points on the heart's 
surface and their movements relative to one another are recorded, while 
the latter measures the volume of the heart in its successive phases, and 
therefore records the amount of blood expelled from the heart.  In  my 
myocardiograph experiments I  have used dogs  and  cats.  In the  latter, 
however, the results are often somewhat unsatisfactory, as the instrument 
seems to injure the muscle somewhat, and I  have only done a few experi- 
ments to satisfy myself that the results with the myocardiograph are the 
same in both animals.  The description of the results of the myocardio- 
graphic work is therefore to be considered as derived from observations 
on the dog's heart.  For the cardiometer, on the other hand, I  found the 
cat's  heart  very suitable  and  have  used  this  method  on  these  animals 
exclusively.  I  attempted to attach this instrllment to the rabbit's heart, 
but found the pericardium too delicate. 
In all my work I  used morphine as narcotic, except for rabbits,  where 
urethane was used.  In a good many I  subsequently gave acetone chloro- 
form as  advised by Abel, the  combination  of this  and morphine  giving 
excellent results.  The quantity given must, however, be carefully noted, 
as  large  doses  seem  to  weaken  the  heart.  In  some  cases,  instead  of 
acetone chloroform I  gave a  small quantity of chloroform in the begin° 
ning of the experiment, the large  dose of morphine sufficing afterwards 
for complete narcosis.  In a few experiments curare was given to elimin- 
ate any possible muscular influence. 
The apparatus  was  applied  as  described by Roy and  Adami,  artificial 
respiration being supplied for small animals by an air pump and Runne's 
interruptor,  while for large  dogs the  ordinary hand  bellows were made 
use of. 
In eats the poison was injected by the jugular, in dogs by the saphenous 
vein, generally in 0.1 per cent, in some cases 0.2 per cent solution.  Most 
frequently strophanthin  was  nsed  (supplied by Boehringer), but several 
experiments were made  with  digitalinum  verum  (Boehringer),  antiarin 
(Boehringer),  digitalin  (Trommsdorf),  erythrophl~ein  hydrochlorate 
(Schuchardt),  and  convallamarin  (Merck).  I  satisfied  myself  that  the 
action of all of them on the cardiac muscle is identical in kind, although 
varying in strength.  Thus digitaHnum verum and erythrophhein proved 
the  weakest  of all,  while  antiarin  and  strophanthin  were  the  strongest, 
and  convallamarin  and  digitalin  occupied an  intermediate  position.  It 
has been shown that the different members of this series probably diverge 
considerably  in  the  strength  of  their  vascular  as  compared  with  their 
eardiac  action.  Another point  in which  they also  differ is the  relative 
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muscle:  Thus  erythrophlcein  undoubtedly  acts  less  on  the  esrdiac 
muscle and more on the vagus centre than any of the others that I have 
examined, and probably the others vary also in the extent to which they 
stimulate those agencies.  A  comparison of the  series  as  regards  their 
action  on  these  three  points--the  cardiac  muscle,  the  vessels  and  the 
inhibitory apparatus--would undoubtedly be of the greatest therapeutic 
importance,  but  would  involve the  use  of a  much  greater  number  of 
animals than I have at present at my disposal. 
To avoid  constant repetition in the account of the  literature I  have 
given, I have assumed (what was unknown until much of the work quoted 
had been completed) that what held true of one member of this series was 
in general terms true of all, and have therefore not generally mentioned 
the particular drug which each  observer  used, but this is  noted in the 
references given at the end of my paper.  In the same  way I  shall use 
"  digitalis" or  "digitalis  series" throughont, although the experiments 
on which the statement is founded may have been performed with some 
other member of the group. 
In descriptions of the  action  of digitalis  the  phenomena are  gen- 
erally divided into four stages, according to the rate of the heart and 
the  height  of  the  blood  pressure.  In  my  tracing,  however,  these 
four stages are not by any means distinctly marked off,  and  I  shall 
divide the  action into two stages,  according to  the  condition of the 
ventricle.  In the first stage one of the most marked features is the 
stimulation of the prrenmogastric, in the second the acceleration and 
the periodic changes in the strength of the contractions, and I  shall 
therefore  call  them  the  vagus  stage  and  the  periodic  or  irregular 
stage.  It must not be supposed, however, that the vagus stimulation 
is the only feature of the first stage, for the heart nmsele is also acted 
on  directly, and the  variations in  the  tracings  of  this  stage  are  due 
to the differing degrees to which these two factors are  in activity in 
different hearts.  So in the second stage the periods are only one of 
many features.  The auricles do not in many eases undergo accelera- 
tion at the same time as the ventricles, but in order to simplify the 
description I  shall consider the acceleration of the ventricle the indi- 
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VENTRICULAR  CttA~'GES  IN  THE  FIRST  STAGE~  OR  STAGE  OF  VAGUS 
ACTIVITY  (MYOCARDIOGRAPHIC  TRACINGS). 
The  action  of this series  on  the ventricle  sets in only  one-half  to 
two  minutes  after the  injection,  if small  quantities  are  used,  and  is 
marked by slowing of the  beat and  increased excursions towards  systole 
and  generally towards  diastole.  (Plate  XV,  Fig.  1,  a  and  b,  and 
Plate XVI, Fig. 4, a and b.) 
Experiment I, April 8.--Large dog narcotized by morphine and curara. 
Myocardiograph attached to the left ventricle. 
Number of  Height of  Height of  Length of 
contractions  systole from  diastole from  excursion 
Time.  in 10 seconds,  base line,  base line.  of lever. 
5.6  35  26 ram.  38½ mm.  121/2 ram. 
5.10---5.101A  1  mg.  strophanthin  injected  into  the  jugular  vein. 
5.10.30  35  27  39  12 
5.11  33  261/2  43  161/2 
5.11.20  28  25  45  20 
5.11.40  241/2  23  44  21 
5.12  22  20  431/8  231~ 
In this experiment the rhythm o~ the heart is  slowed,  the height 
of the systole from the base line is diminished, i. e.  the systole is more 
complete while the distance of the diastole from the base is increased, 
i.  e.  the relaxation of the heart  is  very much  greater.  The  excur- 
sion of the lever is almost doubled in length. 
Experiment II, April  12.--Dog of medium size narcotized with mor- 
phine only.  Myocardiograph attached to the left ventricle. 
Time, 
4.22 
4.22.15 
4.22.30 
4.24 
4.26 
4.27 
4.29 
4.31 
4.32V2 
4.33~3 
4.35 
4.36 
4.371/8 
4.38 
Number o£  Height of  Height of  Length of 
contractions  systole from  diastole from  excursion 
in 10 seconds,  base line.  base line.  of lever. 
16  48 ram.  631/z ram.  15~/2 ram. 
Injection  of  Y2  rag.  strophanthin  into  the  vena  saphena. 
15  50  63  13 
15  48  62  14 
15  451/8  611/8  16 
15  42~2  611/2  19 
14  40  591/8  19 
13  37  57  20 
12~2  37  57  20 
Occasional  pauses  in  diastole. 
4½  40  64  24 
Both  vagi  cut. 
14  36  55  19 
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Here  the  slowing  at  first  was  comparatively  slight,  the  systolic 
contraction was considerably increased, while the diastole was actually 
less perfect than before the injection.  As the slowing became very 
marked the diastote became more complete, the systole less so.  On 
section of the vagi the rhythm soon returned to the normal, while the 
diastoles became less perfect than before, and the contraction reached 
an extreme degree. 
The  slowing  of  the  rhythm  is  almost  constant.  In  some  cases, 
however, it did not occur, although the vagus,  as tested by electrical 
stimulation,  seemed to possess  its usual action.  " The slowing is  pro- 
gressive,  the  rate  at  first  scarcely  departing  from  the  nomla],  but 
later  decreasing frequently to  one-half or  one-quarter,  or  even  less, 
of that before the injection. 
The  increase in  the  contraction sets  in  generally about  the  same 
time  as  the retardation,  and  like it  progresses  slowly.  The  degree 
of relaxation reached by the heart muscle is somewhat more variable. 
]n the majority of my tracings it is increased as in  :Exp.  I,  but not 
infrequently it is not only not increased but actually diminished, as in 
:Exp. II.  When it is increased the change is often small, and in fact 
is generally smaller than in Exp. I.  To a certain extent the slowing 
and the increase in diastole run parallel to each other, the latter being 
especially' marked  when  what  will  be  later  described  as  the  pause 
phase  sets in,  but  this rule  is  not  by  any means without  exception, 
marked increase in diastole being sometimes observed with compara- 
tively slight retardation. 
The time at which those three features appear varies considerably, 
in  some  cases  the  slowing  and  increased diastole  preceding  the in- 
creased contraction, in others the o.ppesite  sequence occurring.  ']?he 
extent to  which each is  developed also  presents  marked  differences, 
in some hearts the slowing being the most prominent feature, in others 
the increase in diastole, and in others the increased contraction.  The 
increase in systole and diastole of course leads to a  much greater ex- 
cursion of the lever, and the characteristic of this period is therefore 
a slow, very large beat.  (Plate XV, Fig. 1.) 
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difficult  to  detemline.  The  slowing,  as  was  first  shown  by  Acker- 
mann,  is due  entirely  to  the  inhibitory  apparatus,  and  is  altogether 
absent in hearts in which this has been paralyzed  by atropin.  (Plate 
XV, :Fig.  2.)  The  increase  in  systole  is undoubtedly due  to  direct 
action on the  cardiac  muscle.  It occurs in atropinized hearts at ]east as 
markedly  as  in  those  in  which  the  inhibitor}"  apparatus  is  in  play 
(Plate XV, Fig. 2), and is therefore entirely independent of the latter, 
which,  moreover,  as  Roy  and  Adami  have  shown,  increases  the 
amount  of residual blood and  causes a  less complete systolic contrac- 
tion.  It must be remembered that  the tracings  do not show the  full 
extent  to  which  the  contractility  of  the  heart  muscle  is  altered  by 
these drugs, for, as has been shown by these authors,  an increase in the 
aortic pressure is, ceteris paribus,  accompanied by a less perfect systole 
of the  left ventricle.  Digitalis  raises  the  aortic  pressure  very mark- 
edlv at  this stage,  yet instead  of a  less perfect we find  a  much  more 
1)erfect contraction  of the ventricle. 
The  position  of diastole  after  digitalis  seems to  be  determined  by 
the  interaction  of  several  factors.  The  influence  of  the  inhibitory 
mechanism is seen by the result of the section of the vagus in Exp. II, 
as  well  as  by the  fact  that  after  atropin  the  dilatation  is  never  in- 
creased  by  digitalis.  The  increased  dilatation  generally  seen  must 
therefore  be due  to  the  inhibitory  stimulation.  On  the  other  hand 
the  diastole may either  reach its  usual  extent or be less pe,rfect than 
before the  administration  of the  drug,  whether  atropin  has been pre- 
viously administered or not (Plate XV, Figs.  2 and 3), and I  can give 
no  explanation  for  this  variation  save that  possibly,  when  the  heart 
lnuscle  is  weakened  and  relaxed  from  any  cause  such  as  by  large 
quantities  of the narcotic,  digitalis may lessen its relaxation,  while,  if 
the  muscular tone of the heart is fairly no~ml,  it is not changed  by 
the direct cardiac action of this series. 
Experiment III, May 25.--Medium-sized dog narcotized with morphine 
and  acetone  chloroform.  Atropin  injected  until  the  vagus  was  para- 
lyzed, as seen by electric stinmlation.  Myocardiograph  attached  to  the 
right  ventricle, the manometer to the left carotid. Time. 
11.1 
11.1½ 
11.2 
11.3 
11.4 
11.5 
11.6 
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Number of  Height of  Height of  Blood pressure 
contractions  systole  from  diastole  from  Length  £,f  In mm. 
in 10 seconds,  base line.  base line.  excursion,  mercury. 
31  45½ ram.  84 rnm.  38½ ram.  92-94 
1 rag.  strophanthin  injected into the vena saphena. 
31½  45  84  39  94 
31  42  84  42  106 
31  38  84  46  132 
31  351~  84  481/~  140 
31  35½  84  48½  138 
In  this  experiment  the  rhythm  of  the  heart  remains  unchanged, 
and  the  degree  to  which  relaxation  occurs  is  also  constant.  The 
contraction, on the other hand, is much more perfect than before, and 
with it of course the length of the excursion increases. 
In  tracings  of this  stage  taken  on  a  more  rapidly  revolving  drum 
some additional  features may be made out.  (See Plate XVIII,  Fig. 
6, a, b,  c.)  The slowing is now seen to be due mainly to the prolonga- 
tion  of the diastolic pause.  The  actual  contraction  of the  muscle is 
unchanged,  or slightly shorter  in  duration,  while  the  relaxation  pre- 
sents no points of difference as regards  speed from the normal  The 
iime  spent  in  a  condition  of contraction  is  considerably  lengthened. 
This is evident on the first glance at the tracings.  I  have found, how- 
ever, considerable difficulty in estimating the amount of the prolonga- 
tion,  as it is very difficult to decide at what point systolic contraction 
ceases and the pause in contraction begins. 
Experiment  IV,  November  22.--Medium-sized dog narcotized  by mor- 
phine and acetone chloroform.  Myoeardiograph attached to the left ven- 
tricle.  The numbers indicate  the length  in  millimetres  on  the  tracing 
during which each phase lasted. 
Duration of  Duration of  Duration of 
actual  rest in full  Duration of  pause in 
Time.  contraction,  contraction,  relaxation,  diastole. 
3.11~z  6  6½  2½  2 
3.12  2  rag.  strophanthin  injected into the  saphenous  vein, 
3.13  6 
3.14  5½ 
3.15Vz  5½ 
3.16  5½ 
3.16½  6 
In  this  experiment,  while 
7½  2½ 
7½  2½ 
8  3 
9½  2½ 
11  ~½ 
the  time 
in  actual  movement,  ascending  and  descending,  remains 
19 
2% 
2% 
5½ 
11 
10-14½ 
during  which  the  lever  was 
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unchanged, the time during which the heart remains in complete con- 
traction increases from 6½ to  11,  or almost 70 per cent.  On the other 
hand the time spent in complete diastole  increases from 2 to 10-14½, or 
about  5 to  7 times. 
As the time occupied in  actual contraction and relaxation is  prac- 
tically unchanged by digitalis,  I  have ofte~ estimated the prolonga- 
tion of the systole by measuring the interval between the departure 
from, and the return to, the position of relaxation. 
Experiment  V, December 16.--Small dog narcotized with morphine and 
acetone chloroform.  Myocardiograph attached to the right ventricle. 
Distance  Distance  Duration  Duration. 
of systole  of diastole  of  of 
Rate in  from  from  complete  diastolic  Blood 
Time.  10 seconds,  base line.  base line.  contraction,  pause,  pressure. 
3.25  18  64 mm.  102 mm.  21/2  11/2  54 
3.28  1 rag. of strophanthin  injected  into the vena  saphena. 
3.30  171/z  59  103~z  2~  1~  84 
3.321/2  15  59  104  3  3  90 
3.38  9  60  104  31/2  10  68 
3.45  6  60  104  41/2  17  36 
3.48  4  59  104  61/.  2  22-35  36 
In this experiment, in which extreme slowing occurred, the duration 
of the contraction increased from two to three times, while the diastolic 
pause was about twenty times the normal len~h.  The blood pressure, 
it may be noted, is subnormal at the time of greatest slowing.  As the 
latter  increased  the  size  of  the  pulse  wave  became  rapidly  larger, 
although  the  heart  excursions  remained  unchanged  in  size  in  the 
latter half of the experiment. 
The cause of the prolongation of diastole is  evidently the activity 
of the inhibitory mechanism.  It is entirely absent in the atropinized 
heart.  On the other hand the prolongation of the systole might be 
supposed to be due to the action on the muscle, as it is the most char- 
acteristic feature of the action on the cold-blooded animals.  I  have, 
however, failed to find it in the tracings from atropinized hearts, and 
am inclined to consider it the result of the slowing.  In the slowing 
of the heart due to vagus stimulation the duration of systole is  also 
greater than normal, and in tracings taken from an unpoisoned heart, 
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method, the same prolongation of the stage of complete contraction 
was observed. 
The  phenomena described as yet are those produced by moderate 
quantities of the drug and COlTespond to those seen in its therapeutic 
use.  This  stage  lasts  for a  long  time in  cases in  which the proper 
quantity has  been injected,  and  the features remain with  but  little 
variation so long as other factors besides the poison do not come into 
play.  If  larger  doses  be  used  the  features  of  the  tracing  change 
after a  very short  time,  a  more marked form of vagus  activity not 
infrequently making itself apparent.  This is heralded (Plate XVII, 
Fig. 5, ventricle) by the appearance, in the midst of the contractions of 
the type described above, of a prolonged pause in diastole.  After an 
interval one or two more such pauses occur, and ~he intervals of regular 
contraction become shorter until  the pauses  become separated  by  a 
single  beat.  The  rhythm is  no  longer regular,  as  the  pauses  vary 
very considera,bly in  length.  Sometimes each pause  is  followed by 
two  contractions separated by a  diastole  of the  usual  length  of the 
first stage.  The excursion towards diastole is generally considerably 
greater than in the rest of the stage, and very much greater than in 
the normal heart.  The degree of contraction is sometimes less  than 
before the pauses began, but in other cases is more complete.  Some- 
times the length of the pause varies in alternate beats,  and then the 
systole is less complete after the long pause than after the shorter.  The 
period of activity of the heart ~enas practically of the same length 
as in the rest of this stage, but during the pause the heart continues 
to dilate for some time before coming to a complete standstill. 
This  phenomenon lasts  for  a  variable  time,  sometimes  extending 
ovea" several  minutes,  at  other  times,  where  larger  quantities  were 
injected,  being  confined to  a  few beats.  The  rate  then  remaining 
unchanged,  the  excursion towards  diastole generally shortens  while 
that towards systole increases.  Then each pause is followed by one 
or  two  rapid  contractions,  the  number  of  pauses  gradually  become 
fewer and  the  intervals  between them  longer,  and  the  heart  passes 
into the second stage.  I  must remark that after this phase of exces- 
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gradual  acceleration which  is  seen  when  this  phase  is  absent,  but 
passes  at once to a very quick tempo, generally exceeding the normal 
rate,  and  possibly  even that  seen after paralyzing the inhibition  by 
atropin. 
This  phase is by no means always, or even generally, present.  I 
find it marked in about one-third of my tracings.  It is evidently due 
to  excessive inhibition and may therefore be accorded a  place in the 
first stage  of  digitalis  action.  It  is  in  fact merely an  exaggeration 
of the features of the therapeutic action.  On section of the vagi in 
the neck during it (see Exp.  II), the rhythm at  once returns to that 
of the rest of the first stage, which points to a stimulation of the centre 
in the medulla.  It does not occur in atropinized dogs, and in fact only 
in animals in which the heart is in a practically normal condition and 
in which the inhibitory centre is in  a  state of undiminished or per- 
haps  of exaggerated irritability.  The  most  apparent  explanation  is 
that the stimulation of the centre increases until it culminates in this 
phen(~menon.  At the same time I  have seen the  ordinary slowing, 
caused  by  electrical  stimulation  of  the  vagus,  suddenly  pass  into 
equally marked pauses  without  any increase in  the strength  of the 
current.  This is, however, rare, and more frequently electrical stimu- 
lation causes fatigue of the vagus terminations, so that I  am inclined 
to  think  that  the  drug  as  it  accumulates in  the medulla  stimulates 
the centre more and more strongly until this phase sets in. 
The changes seen in the ventricular muscle during strong stimula- 
tion  of the vagi  are,  according to  Roy and  Adami,  whose observa- 
tions I  can confirm from my own experience, slowing, irregularity in 
rhythm, with pauses in diastole, increased diastolic dilatation and less 
complete systole.  The  only difference during digitalis action is  the 
increase in  systole which is generally present.  This  is  undoubtedly 
due to the muscular action of the poison, as in the rest of the first stage. 
In some cases, however, the inhibitory action is so strong as to conceal 
the increase in systole, so that the tracing may correspond completely 
to that obtained on stimulation of the vagi. 
In the stage of recovery from this pause phase tile decrease in  dia- 
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partly to this muscular action overcoming the inhibition and partly to 
the fatigue o/the latter. 
The tracings hitherto described were taken from the left or right 
ventricle by means of the single myocardiograph.  No difference could 
be detected in the tracings obtained from the two sides of the heart.  I 
must emphasize this fact that no single feature can be found specifically 
indicating that the tracing was obtained/rein either ventriele~ because 
Openehowski states that the right heart shows none o/the symptoms 
of the action of this series.  On the contrary, the right ventricle shows at 
least as evident modifications as the left, and I  have therefore attached 
the myocardiograph rather more frequently to it,  as it is much more 
accessible than the left.  After it was proved that both sides of the 
heart showed symptoms of digitalis action, it was obviously necessary 
to find whether the time at which the changes in each occurred was 
the same, and I  have therefore registered the movements of the two 
ventricles  simultaneously  in  a  number  of  experiments.  Roy  and 
Adami apparently attached two  sliding  needles to  the same perpen- 
dicular rod in their myocardiograph.  I  could not satisfy myself that 
the movements of the one needle did not hamper those of the other, as 
the perpendicular rod is seen to move to a considerable extent in experi- 
ments where only one needle is used.  I  have therefore duplicated the 
apparatus throughout.  Of late I  have used a modification of the myo- 
cardiograph which is certainly more easily attached than the original 
and which gives better results~  at any rate in my hands.  It will be 
described in a later paper from this laboratory. 
In the first stage the changes obse~rved in the two ventricles resemble 
each other very closely.  The rhythm is the same, and the slowing is 
due  in  each  to  prolongation  of  the  diast(~]ic pause  mainly.  The 
extent to which the excursion is changed in diastole and systole seems 
to vary somewhat in the two cavities, but this is probably accounted 
/or by the difference in the length of the muscles which move the two 
levers.  In  some  of  my  tracings  the  right  ventricle ~eemed  more 
affected than the left, while in  others the reverse was observed.  In 
general it may be said that  the  two  ventricles undergo  simultaneous 
change8  of the  same  kind  and  to  the  same  degree in  the first  stage of 
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AURICULAR  MOVEMENTS  IN  THE  FIRST  STAGE. 
Tracings  were  obtained  generally,  but  not  exclusively,  from  the 
right  auricle,  as  it  is  much  more  accessible  than  the  ]eft  and  the 
apparatus  can  be  attached  to  it  with  much  less  disturbance  of  the 
heart's position.  The two auricles present, as far as I  have observed, 
no important differences in their reaction to digitalis. 
In some cases the tracing resembles exactly that from the ventricles. 
Slight slowing is accompanied by a greater shortening in systole, while 
the diastole may be slightly increased, remain unchanged, or become 
less  complete than  normally,  these  features  being rather  slowly  de- 
veloped and persisting until the second stage sets in.  (See Plate XV, 
:Fig.  3,  a  and  b,  which,  however, is  exceptional,  in that  there  is  no 
slowing  o2  the  heart,  but  a  very marked  increase  in  the  excursion 
towards systole.) 
In  others  the  changes  in  the  auricle  are  perfectly  characteristic. 
The rhythm is slowed, the diastolic relaxation may be increased,  un- 
changed, or diminished, but the contraction, instead of being more com- 
plete, as in the ventricles, becomes progressively smaller.  The length 
of the excursion of the lever may rapidly be reduced to one-eighth or 
less of the original, and eventually its movements may be barely visible. 
This condition may persist for a long time, in fact almost to the end 
of the first stage, the auricle beating slowly and weakly, and evidently 
propelling on,ly very small quantities of blood into the ventricle (Plate 
XVII, Fig.  5).  This form of contraction is that occurring most fre- 
quently in the auricle, especially with strephanthin and digitalin.  It 
is generally preceded for a short time by a  stage of increased systolic 
contraction, but, when large quantities of the drug are rapidly injected. 
may  ceme on ~mmedia~ely. 
In the auricle also occurs a l~hase of extreme slowing in those experi- 
ments in which the "pause phase" sets in in the ventricle (Plate XVII, 
l~ig. 5).  I have observed it more frequently after erythrophlcein  than 
after the others, but it is by no means  rare after the injection of stro: 
phanthin.  It is preceded  by the form  last described,  and its onset is 
marked  by occasional  pauses  in diastole corresponding  to these seen 
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the diastolic pauses are much prolonged, while the extent of contrac- 
tion and dilatation remains the same as in the rest of the stage.  A  con- 
siderable degree of irregularity is, however, to be seen, not only in the 
length of the pause, but  also in  the length  of the  excursion of the 
lever,  exactly as  in  the  corresponding ventricular tracing.  A  very 
marked difference between the  two  tracings  exists,  however,  as  the 
auricular  contractions never reach the normal,, much less  exceed it. 
:Not infrequently the diastolic pause of the auricle exceeds ten seconds 
in length.  The contraction following such a standstill is always much 
larger than the contractions seen in the rest of this phase. 
A  more extreme development of this form is complete stoppage of 
the auricle in diastole, which occurs in some experiments and lasts for 
a  considerable time.  It  then  regains its  former slow  rhythm with 
prolonged diastolic pauses, which still vary considerably in length and 
are  follo~ved  by  contractions  of  different  force  and  extent.  The 
rhythm slowly quickens, while the excursions increase in extent, and 
the second stage sets in,  presenting features which will be described 
later. 
Tracings taken on fast-running drums did not show in the auricle 
the prolongation of the time spent in full systole which was seen in 
the ventricle.  In  some contractions it  seemed somewhat prolonged, 
but  in  others  it  remained unchanged.  It  can  be  said  that  in  the 
anricle the prolongation of the full contraction is not by any means 
invariable, and in fact may be rather exceptional. 
In the auricle the same forces are evidently at work as in the ven- 
tricle.  In the first type described we have the muscular action de- 
veloped very fully, as is shown by the greater degree of contraction 
attained and the varying dilatation in diastole.  On the  other hand 
the slowing and the occasional increase in diastole indicate the activity 
of the inhibitory mechanism.  In the second form the same factors 
are active, but here the vagus action overcomes the muscular.  It has 
been shown repeatedly that the changes produced by cardiac inhibi- 
tion are much more marked in the auricle than in the ventricle, and it 
is only to be expected therefore that the muscular action of digitalis 
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in much more direct oppositio.n  here than in the ventricle,  for in the 
latter the vagus lessens the completeness of systole, it is true, but only 
by  causing  increased  diastolic  relaxation,  and  does  n(~t change  the 
actual  extent  of  contraction  (Roy and  Adami).  In  the  auricle,  on 
the other hand,  the contraction is lessened by inhibition,  the height to 
which the lever is raised in systole being considerably lower than nor- 
mally.  In order to improve the systolic contraction  of the auricle  to 
the same extent as it does that o~ the ventricle,  digitalis would have to 
cause  much  more  profound  changes  in  the  auricular  muscle  than  it 
does in the ventricular,  and of course the thin auricular  wall allows it 
a much smaller field to work in.  We find accordingly after digitalis 
in the auricle a  tendency towards less complete systole instead  of the 
more  complete  one  of the  ventricle.  In  the  "pause  phase "  of  the 
auricle  the muscular  action seems at first sight entirely absent.  The 
slowing, the diminution in the force o~ the contraction,  the  prolonga- 
tion of the diastolic pause and the occasional covaplete standstill must 
all  be  attributed  to  the  inhibitory  action.  On  the  other  hand  the 
diminution in systole is not so great as would be produced by the same 
degree of inhibitory action unopposed.  This was shown very clearly 
in  experiments  in  which  both auricle  and  ventricle  were attached  to 
recording levers.  On stimulation of Vhe vagus in the neck the rhythm 
of the ventricle was slowed and the auricular contraction diminished in 
size,  and  on  s(~mewhat  stronger  stimulation  the  auricle  ceased  alto- 
gether,while  the ventricle continued heating  at a  slow (spontaneous) 
rhythm.  After the  injection  of the  drug  the  same  slow ventricular 
rhythm was observed, but now the auricle was no longer in a position 
of diastolic standstill,  but was  beating,  although  slowly and  weakly. 
In order to explain  this it must  be assumed that  here too the  nmscle 
is directly affected by digitalis.  And in the same way we nmst assume 
that  during  the  standstill  of the  auricle  the  same  muscular  action  is 
present, although here it is rendered entirely latent by the strong inhi- 
bition.  If during  the  slow rhythm  or standstill  the  vagi be cut,  the 
auricle shows the same changes as the ventricle does ordinarily.  Y~e 
muscular action  of digitalis,  then~ extends to the  auricle  as well as  to  the 
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hibitory mechanism  having more  influence on  that  division  of the heart 
and  there opposing  it  more  directly  than  in the  ventricle.  The differ- 
ence in the tracings of the first stage in the auricle and in the ventricle 
is to be attributed entirely to this more powerful inhibitory action. 
SI~IULTANEOUS  TRACINGS  OF  THE  AURICLE  AND  VENTRICLE 
IN THE  FIRST STAGE. 
In many experiments the right auricle and ventricle were attached 
to the do.uble  myocardiograph.  The left auricle and ventricle were 
examined less  frequently owing to  the  derangement of  the  normal 
position which is necessary for this purpose,  but no  difference could 
be found between their behavior and that of the right heart. 
In tracings obtained in this way the two cavities preserve exactly 
the same rhythm as long as the pause phase does not set in in either 
one of them.  Taking those cases first in which this  does not occur, 
we find the ventricular contraction entirely independent of the auri- 
cular as far as force and completeness are concerned.  The changes in 
the systole and diastole of the former are the same, as far as I  have 
observed, whether the auricle is modified in the same way or whether 
it passes through its characteristic form of lessened contractions.  The 
ventricular systole follows the  auricular as in  the normal,  with  this 
difference, that the auricular pause in systole seems sometimes to last 
throughout  the  ventricular  contraction,  while  normally  the  auricle 
begins  to  dilate  wh~le  blood  is  still  leaving  Vhe  ventricle  (see  the 
diagram given by Roy and Adami, Practitioner, xliv, p. 251).  I have 
attempted to show this on fast drums, but have been unable to do so, 
as these cases in which the auricular systole is prolonged by members 
of this group are comparatively rare. 
As  soon  as  the pause  phase  sets in  in  either  cavity,  the  rhythm  of 
each  become~ entirely  independe, t  of that  o/  the  other.  These pauses 
may set in simultaneously, but I  have several tracings which show the 
auricle  in  this  condition,  while  the  ventricle  maintains  its  former 
rhythm for 20 to 30 seconds.  The ventricle then sets up its  sponta- 
neous rhythm, which is generally slower than that of the auricle (Plate 
XVII, Fig. 5), and bears no relation to it whatever.  I  thought at first 
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blooded heart, but am convinced that the connection between the two 
cavities is entirely ruptured.  In half-rhythm the ventricular contrac- 
tion is seen to follow every second beat of the auricIe after the same 
pause  as in  the  normal heart,  but no  such sequence could be  made 
out  here.  The  ventricular contraction is generally slower than  the 
auriculax, but by no means always so.  During the long pauses of the 
auricle,  rhythmic  contraction  goes  on  in  the  ventricle  without  the 
slightest interruption, and during the complete standstill of the former 
the same amount 9f blood is proba.bly expelled from the ventricle as 
before. 
The explanation of this difference of the rhythms may be the follow- 
ing: The inhibition of the heart normally stops the auricle completely 
and allows the latent spontaneous rhythm of the ventricle to make its 
appearance.  In the pause phase of digitalis action the same inhibi- 
tory power is  present,  and  the ventricle therefore assumes its  usual 
activity.  But the auricular muscle is thrown into a  condition of in- 
creased irritability, and therefore continues to contract in spite of the 
vagus activity.  The reason why its contractions do not set up a more 
rapid  rhythm in  the  ventricle must  be  that  the  impulse  is  blocked 
between the auricle and ventricle, and Gaskell has shown that in the 
cold-blooded heart stimulation  of the vagus  actually tends to  hinder 
impulses  from  passing  through  the  heart  muscle.  In  the  dog  the 
same  probably  holds  true  (McWilliam,  Bayliss  and  Starling),  the 
irritability of the auricle is sufficiently increased to cause contractions, 
but these are too weak and the barrier raised by the inhibitory activity 
is too strong to allow them to pass into the ventricle, which therefore 
keeps up its own rhythm unaffected by the condition of the auricle. 
As  the  action  on  the  auricular muscle becomes stronger  and  the 
inhibitory mechanism gets fatigued, the auricular contraction becomes 
more rapid  and  more complete, the ventricular still  maintaining its 
former rhythm for  some  time  and  then  generally rather  suddenly 
adopting the rapid rate of the second stage.  The  auricle not infre- 
quently  remains  considerably  slowed  long  after  the  ventricle  has 
reached its greatest rapidity, and in some cases never reaches an equal 
rhythm throughout the experiment.  The complete independence of 
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in which the sudden change of the ventricular rhythm sets in during 
a long pause of the auricle.  The auricle continues to contract with a 
slight acceleration, while the ventricle passes through the progressive 
acceleration of the second stage and eventually comes to a standstill 
before the auricle has reached its normal rhythm. 
Experiment VI, April 6.--Small  dog  narcotized  with morphine and 
acetone  chloroform.  The double  myocardiograph  was attached to  the 
right auricle and ventricle• 
11.35  30  77  117~  40½  30  22  58  38 
•  36  2 nag. erythrophlcein hydrochlor, injected  into the  vena saphena. 
.37  26  75  117  42  26  35  58  23 
• 38  3 nag• erythrophlcein hydroehlor, injected. 
• 39  22  71  118  47  22  47  54  7 
• 41  6  74-75  114  40-39  9  46-47  51  4-5 
.44  6  85  127  42  111/z  43-44  531/2  10-91/2 
•  47  3 nag. erythrophloein hydroehlor. 
.471/2  51/2  90  130  40  2  32-34  59  27-25 
•  481/2  34  91  130  39  7  43-47  54  7-11 
• 511/~  35  87  132  45  10  37  57  20 
.54  35  84  132  48  17  27-32  57-59  30-27 
• 55  34  84  130  46  24  27-22  58  31-36 
• 56  35  irregular groups of 2d stage.  30  irregular groups of 2d stage. 
In this experiment at first the rhythm of the auricle and that of the 
ventricle are equally slowed, and the ventricle continues to follow the 
auricle.  At 11.41,  however, the pause phase sets in in each and the 
rhythm becomes independent•  At 48½  the second  stage sets in,  the 
ventricle suddenly becoming greatly accelerated owing to the muscular 
action.  The injection which causes this acceleration in the ventricle 
only increases the inhibitory slowing of the auricle•  Later the ven- 
tricular rhythm remains constant, while the auricle slowly accelerates 
until it eventually reaches its normal rhythm.  In the ventricle the 
systole is  at first somewhat improved, but during the pause phase  it 
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acceleration.  At first the diastolic dilatation is somewhat lessened, but 
it soon increases in the pause phase and continues markedly increased 
to the end.  The auricular systole becomes less perfect as soon as the 
inhibition becomes marked, and fails to recover its normal extent up 
to  the end of the experiment.  The auricular diastole is  less  perfect 
during the "pause  phase," but is less  changed than any of the other 
positions.  The excursion of the ventricular lever is not much altered 
in this experiment, in which erythrophlcein had even less  action than 
usual in causing increased systole.  It must be remarked, however, that 
an unchanged excursion of the lever may indicate a much larger output 
if the contraction begins from a widely dilated position of the heart, as 
it does in this experiment.  The auricular excursion is  less  than the 
normal throughout, and as the diastolic dilatation is scarcely increased 
at all at any point of the tracing, the amount of blood driven into the 
ventricle by the auricular contraction is much diminished. 
Experiment  VII, March 19.--Large dog narcotized with morphine and 
acetone  chloroform.  Myocardiographs attached to  the  right  ventricle 
and right auricle. 
0  .~  00  ~  =~  ~*'~  '~  ~  . 
3.18~,~  25  63  98  35  25  16  41  25 
3.19  0.5  rag. strophanthin  injected  into the  saphenous vein. 
3.21  25  50  93  43  25  10  41  31 
3.22  24  50  91½  41~  24  8  42  34 
3.241/2  24  45  91  46  24  --½  41  41~/z 
3.25~  24  40  96  56  24  0  42  42 
3,26  Second stage set in. 
In this  experiment the inhibitory mechanism is  entirely inactive. 
There  is,  therefore,  no  slowing  and  the  changes  in  the  auricle  are 
exactly the same as those in the ventricle.  The diastolic dilatation is 
little  changed in  the  auricle, is  somewhat lessened in  the  ventricle. 
On the other hand the shortening in systole is very much greater after 
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course augmented accordingly.  So far as the muscular action is con- 
cerned, then,  the auricle undergoes the same changes as the ventricle. 
CARDIOMETRIC  TRACINGS  IN  TEE  FIRST  STAGE  OF  DIGITALIS  ACTION. 
From what has been said regarding  the changes in the  contraction 
of the  different heart  cavities,  it  will  be recogmized  that  the  cardio- 
metric  tracing  shows  considerable  variations  in  different  hearts  and 
presents great difficulties in analysis.  I  may, therefore, be allowed to 
explain shortly what one may expect to find recorded in these tracings. 
The cardiometer then en,ables us to measure the total amount of blood 
in  the  heart  at any moment,  whether the  blood be contained  in  the 
auricles  or ventricles.  On  the  other  hand  it is  impossible to  distin- 
guish whether any accumulation of blood indicated by it is contained 
in the  one ventricle  or the other or in  the auricles.  The  contraction 
of the  auricle  is not recorded at all,  as no blood enters  or leaves the 
heart  thereby,  and  the  total  volume  is  therefore  unchanged.  The 
contraction of the ventricles,  on the  other hand,  is indicated  and  the 
amount of blood leaving the ventricle is measured.  This is the chief 
object of the cardiometric tracing--to  measure the output of the ven- 
tricles per beat and  per unit  of time.  On the  degree  of systole and 
diastole  indicated  by the  lever  I  have  laid  less  weight,  because  this 
does not necessarily indicate the  amount of blood in the ventricles at 
these two periods, but the total amount in the heart.  Thus alth'ough 
the ventricles were to empty themselves much  more completely than 
normally the cardiometer might indicate a  larger  amount  of blood in 
the heart than usual, owing to the auricles haying failed to reach their 
normal  contraction,  and  therefore  containing  more  blood at  the  end 
of their systole and during that of the ventricle.  In the same way an 
increase in the volume of the heart in diastole need not indicate dilata- 
tion of the ventricles, but stoppage of the auricle in diastolic distension. 
In some cardiometric tracings  from the cat's heart  under members 
of the digitalis series, I  found the systolic volume of the heart actually 
decreased, while in others  it remained  practically  unchanged,  and  in 
others  (more  especially with  erythrophloein)  a  rapid  increase  in  the 
total  amount  of blood contained  in  the heart  at the  end  of the  ven- 
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increased  completeness of the  ventricular  systole was  evidently  suffi- 
cient to compensate for the increase in the residual blood of the auricle, 
or possibly these may have been cases in which the muscular action was 
equally marked  in  the  auricle  and  ventricle.  In  the  last  I  have  no 
doubt  that  the  ventricular  contraction  was  increased,  but  this  was 
masked entirely by the increase in the residual  auricular blood. 
The height reached by the lever during the diastole of the ventricle 
was uniformly increased,  partly no doubt owing to the increased ven- 
tricular dilatation, but also possibly to dilatation of the auricle. 
The  "eo, traction  volume"  or  output  of  the  ventricles  per  beat  is 
uniformly  much  increased  whether slowing of the rhythm is marked or 
not.  This is of course due to the increased systole, aided in some cases 
by an increased dilatation of the ventricles. 
In regard to the  amount  expelled per  unit  of time,  my results varied 
a  good  deal  according  to  the  extent  to  which  slowing  o/ the  rhythm 
occurred.  In those cases in which the change in the rhythm was but 
slight  the  blood  expelled  in  ten  seconds  was  distinctly  augmented, 
while in  other  experiments  in which  more marked  slowing  occurred, 
the output, although at first increased while the retardation was slight, 
became later practically norma~,  and still later, when extreme slowing 
set in, sank below the normal. 
The increase in the output may be very considerable,  amounting  in 
some cases to 50 per cent, and between this and a decrease in the out- 
put every gradation  may be met with,  as the opposing influences,  the 
slowing and the increased contraction volume, compensate each other. 
Experiment  VIII, February  14.--Large cat narcotized with morphine 
and  acetone  chloroform.  Curara.  Cardiometer  attached  to  the  heart 
and a mercury manometer connected with the left carotid. 
Before  erythrophloein  ....  36  18½  666  22 
After  erythrophlceln  .....  33  24  30  792  19  30-33 
Later  ....................  28  281/z  54  798  20  351/z-37 Arthur  R.  Cushny  263 
In this  experiment the  contraction volume is  markedly increased, 
while the output in ten seconds is much less altered, although it also 
rises.  The  compensation for the increase in the contraction volume 
is well seen in the last observation, where, although the amount ex- 
pelled by the heart in each contraction is increased by 24 per cent, the 
total output for ten seconds is altered less than one per cent.  As my 
experiments were not performed for the purpose of finding the absolute 
output, but merely to compare the amount of blood passing through 
the heart before and after the drug, I have not calibered the apparatus, 
and the numbers given denote the length of the ]ever excursion in 
millimetres.  It is scarcely necessary to remark that the total output 
per unit of time is found by multiplying the contraction volume by the 
number  of  beats.  Roy  and  Adami  found  the  output  considerably 
reduced by vagus stimulation, owing to  the slowing which occurrexl. 
The muscular action  after digitalis  is,  however, enough not  only to 
compensate for this diminution, but to change the negative to a posi- 
tive.  The increase in the output per beat is also,  of course, to a large 
extent due to the increased dilatation of the heart in diastole. 
Experiment IX, March 7.--Cat narcotized with morphine and acetone 
chloroform.  Atropin given in sufficient quantity to paralyze the vagus, 
as ascertained by electric stimulation. 
Before  strophanthin  .......  18  23  414 
After  strolahanthin  ........  18  27  17½  486  17~z 
Later  ......................  18  29  26  522  26 
Still  later  ..................  18  30yz  33  549  33 
Here, as no slowing occurred, the contraction volume and the output 
in ten seconds (rf course increase together.  As the results of the car- 
diometer experiments in  this  stage,  then,  it  may be  stated  that  the 
work  done by  each  contraction  of  the  heart is  markedly increased, 
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increased to a much smaller extent, may remain unchanged,  or may be 
diminished  according as the rhythm is much slowed or not. 
MYOCARDIOGRAPHIC  TRACINGS  FRO~I  TtIE  VENTRICLES  IN  THE  SECOND, 
IRREGULAR,  OR  PERIODIC  STAGE. 
During the second stage of the action of this series on the ventricle~ 
the  inhibitory  action  slowly  lessens  and  eventually  disappears  alto- 
gether, the rhythm rising to the normal,  or more frequently above it. 
As the acceleration progresses, the contractions generally become very 
irregular,  not so much in rhythm  as in the degree of systole and  dia- 
stole which they attain.  In these irregularities  a  distinct  periodicity 
may be observed, and  I  have therefore called this the periodic stage. 
The  tracings  obtained  now vary exceedingly in  different  hearts,  and 
even in the same heart at very short intervals.  They may, however, 
be classed into several types, and these I  shall describe, premising that 
several types may, and in fact generally do, occur in the same heart, 
and that between the different types many intermediate  forms occur. 
In the first type (Plate XIX,  Figs.  7  and  8)  the contractions  form 
well-marked groups of very characteristic appearance.  Thus commenc- 
ing with a  very small  contraction,  imperfect in  both systole and  dia- 
stole, the succeeding beats increase in size in both directions by a regu- 
lar  "  staircase "  until  they attain  an immense  size,  and then  decrease 
by a corresponding staircase until the minimum beat is again reached, 
from  which  a  fresh group  begins.  At  first  the  number  of  contrac- 
tions in each group is very considerable, but these soon become fewer 
and the staircase becomes steeper.  The difference in dilatation between 
the  large  and  small beats is not by any means generally the  same  as 
that  in  contraction.  Sometimes  the  systoles  remain  practically  un- 
changed, while the line of the diastolic excursions shows very marked 
waves.  In other cases the  systolic contraction  alone  shows the  stair- 
case, while the diastole remains practically unchanged, but in the great 
majority of the tracings both show large undulations. 
Sometimes  after  this  grouping  has  persisted  some  time,  the  type 
undergoes  a  modification,  in  that  a  group  of large  diastoles  is,  as  at 
first, followed by a series of less perfect ones, but the systoles, instead 
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during  the  imperfect ones,  so  that  the  heart  assumes  alternately  a 
position  more towards  diastole  and  one  more  towards  systole.  The 
chafige from one position to the other is marked by one or more beats 
which are imperfect in each direction.  Not infrequently the two forms 
of  grouping  are  present" together  in  a  more  or  less  confused form 
(Plate XIX,  Fig.  7), so that while in one group excessive diastole is 
accompanied by an  increased systole,  in  the next the systoles  corre- 
sponding to the largest diastoles may be very imperfect. 
It  might  be  supposed  that  this  phase  of  the  digitalis  action  was 
merMy a  prolongation  of the first stage, in  which the beats  become 
periodically reduced to  the  normal size.  This  is,  however,  not  the 
case, for the imperfect beats are generally smaller than the beats  of 
the first  stage,  and  even than  those  of the  normal heart,  while  the 
larger contractions generally far exceed bot'h  in  systole  and  diastole 
those of the therapeutic stage.  The variation in the excursion of the 
lever is sometimes very ~eat indeed.  In Plate XIX, Fig. 8, the con- 
traction varies from 35 to 70 mm., but in other tracings I  have found 
even a  larger relative variation,  e. g.  from 15  to  90  mm.  In  other 
cases the variation is comparatively small, amounting only to  k-~  of 
the size of the larger excursions.  As the groups become shorter, the 
variation in the size  of the individual contractions generally becomes 
greater,  the  smallest becoming  even more  of  a  jerk  and  the  larger 
extending £urther in each direction. 
The rhythm of the heart is generally unaffected, exactly as many 
contractions per second occurring during  the  smaller  as  during  the 
larger contractions.  In rare cases, however (Plate XVI, Fig. 4, d ~md e), 
one  finds  among  the  large  excursions  a  prolonged  diastolic  pause 
exactly corresponding to  those in  the pause  phase  of  the  first stage 
and evidently due, like them, to inhibitory action.  When this occurs 
it reduces the number of the larger movements per second, so that the 
heart seems at first sight to beat more slowly than during the smaller 
contractions.  If,  however, this pause  be discounted it is  found that 
here too the rhythm is the same in each phase. 
The rhythm of the heart during  this  type is  generally somewhat 
slower than normal,  but  is  quicker than  in  the first stage,  this  type 
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frequently occurring as  the first symptom of the  quickening of the 
beat seen in the later parts of the tracing. 
The groups are at first of considerable length, frequently containing 
20-30  contractions,  but  they  soon  become  shorter.  Sometimes  it 
seems that a group of large beats becomes divided into halves, a depres- 
sion occurring at the top of the diastolic wave and deepening in suc- 
ceeding groups until there are two waves of equal length instead of 
one.  More  frequently  the  very  long  periods  are  entirely  absent, 
comparatively short groups of five to ten contractions following directly 
on the first stage.  In these shorter groups the alternations of exces- 
sive  diastolic  and  excessive systolic movements are  more  frequently 
observed. 
This type of regular " staircase "  periodic variations may last for a 
considerable time or may form the prelude to another type which often 
follows directly on the first stage, especially when large quantities of 
the drug have been injected at one time.  This form (Plate XIX, Fig. 
9, and Plate XVIII, Fig. 10) shows much less regularity than the one 
just  described, and without the experience of the latter there might 
be  difficulty in  recognizing the  periodic  character.  It  seems,  how- 
ever, merely a further development of the "staircase !' groups, and in 
some hearts the intermediate steps may be traced very clearly.  The 
groups  here,  however,  contain  much  fewer  contractions,  and  those 
which appear seem to represent the extremes of the first type, so that 
there are alternately two or three immense excursions in each direction 
followed by one or two very small ones imperfect both in systole and 
diastole.  The staircase character is almost entirely lost,  the contrac- 
tions  between those  two  extremes having  disappeared.  In  addition 
to this the size of the large excursions and the degree of contraction 
and relaxation reached by them vary considerably, and in their turn 
the small beats differ also in point of size.  As the first type changes 
to this form the large excursions become even more exaggerated and 
the smaller ones less perfect.  In fact the large excursions in this type 
denote the largest movements of the heart in the whole tracing.  ~ot 
infrequently after this type has persisted a longer or shorter time the 
heart  suddenly  ceases  midway  between  systole  and  diastole  of  the 
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A  lurther development of this type is where the group is reduced to 
two or three  contractions  (Plate XX,  Fig.  16, a  and h),  an  excursion 
which may extend to a fairly large diastole and systole being followed 
by a  smaller  one  which  is  perfect  in  neither  direction  and  may  in 
extreme cases be merely an undulation  on the line denoting the larger 
movement.  The  position  of  the  heart  during  this  " missed  b~at " 
varies,  in many cases there occurs after  a  full systole a  very slight 
relaxation  followed by a  return  to systole, in others  the  heart dilates 
to a  position midway between systole and  diastole and then  contracts 
imperfectly and relaxes to full diastole, while in a few cases where the 
heart had been exposed for a long time an almost complete relaxation 
was interrupted  by a  short  contraction.  At other times  the  line  de- 
noting contraction of the heart was interrupted.  After a normal con- 
traction and dilatation a fresh contraction would commence and be car- 
ried out to a  varying extent,  only to be interrupted  by a  very slight 
relaxation,  which was followed by a full systole.  All of these forms 
may occur in the same heart,  in  fact may follow one  another  in  the 
course of a few seconds.  The size of the missed beat is no more con- 
stant than its position.  It is often merely a  slight undulation  on the 
tracing,  and from this one may see within a short time every variation 
in size  up  to  a  full beat.  In  some cases the  increase  in  size  of the 
missed  beat  forms  a  regularly  progressive  series.  The  contractions 
between tlle .missed  beats are rarely equal in size and in the extent of 
relaxation  and  contraction  which  they  attain  (Plate  XX,  Fig.  16), 
more generally showing  extreme variation,  one beat reaching  far be- 
yond the average in both directions and the next being of only mode- 
rate  extent.  The  average  position  of the  heart  also  varies  consider- 
ably.  Sometimes the  most extreme  diastole never reaches  even that 
seen before the injection of the digitalis,  and the systole is more com- 
plete  than  at  any  other  part  of the  tracing.  This  occurs  especially 
when a large quantity is injected, the first stage is short and this type 
sets in soon after.  When the vagus stage had lasted long, and especi- 
ally if large  quantities  of the  narcotic had  been given,  the  tendency 
to increased systole seemed to disappear  and the heart  moved further 
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of missed beat sets in,  the heart is invariably accelerated.  Not only 
has the inhibitory action entirely disappeared, but the rhythm is  con- 
siderably more rapid  than  before  the  injection  of  the  drug.  Even 
when  the  inhibitory  mechanism  had  been  previously  paralyzed  by 
atropine  the  heart was  still  further accelerated during this  and  the 
following types. 
In  another type  (Plate  XX,  Fig.  15)~ instead  of  one  missed beat 
there may be two or three or more intervening between two full beats, 
and the tracing may assume the form of a series of comparatively small 
undulations interrupted here and there by an  excursion towards dia- 
stole  and  systole.  The  position  of this  undulating line  is  generally 
near the  line  of full  systole,  but  not  infrequently midway between 
this and full diastole.  If it is at full systole of course the excursion 
of the large contraction is merely a relaxation and a return to the line 
of undulation~ while if it lies midway the excursion towards diastole 
is followed by another to systole~ a~ter which the lever-point returns 
to the level of the undulations again.  After a time the intervals be- 
tween the full beats become longer and longer, and these become less 
perfect~ while  the missed beats  become smaller  and  eventually pass 
into delirium cordis,  the heart dilating  from the position of the  last 
undulations to extreme diastole~ where it remains quivering for many 
minutes. 
In other cases~ instead of a series of missed beats being interrupted 
by full beats at intervals~ one finds a series of large beats interrupted 
by a short phase of missed ones~ which are again followed by full beats 
(Plate XX~ Fig.  13~ and Plate XXII~  Fig.  12).  Then suddenly, in- 
stead of the full beats returning a~ter the interruption~ delirium cordis 
sets in.  The failure of the heart in fact very often comes very sud- 
denly.  The  contractions  may  be  fairly  regular  and  satisfactory 
excepting for the occasional occurrence of missed beats, when suddenly 
standstill occurs. 
Rarely one finds the missed-beat type preceded by another form of 
periodicity which is also derived from the original type.  I  have men- 
tioned that in this a series of large diastoles sometimes alternates with 
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"to single beats we have alternately an excursion from full diastole to 
imperfect  systole,  followed by  one  from  imperfect  diastole  to  full 
systole, and this form is met with, though it lasts but a short time, be- 
fore one or other form passes into a  "  missed beat." 
As a general rule the contraction of the heart muscle passes through 
several  of  these  types,  gradually becoming more  irregular  and  less 
effectual until after a longer or shorter period of missed beats it passes 
into delirium.  Sometimes, however, a heart whose contractions have 
been reduced to a  hovering about the line of systole with occasionM 
full  beats  shows  signs  of  recovery.  The  full  beats  become  more 
numerous, the missed beats fewer, and eventually the tracing comes to 
resemble one of the earlier types.  A  comparatively small dose again 
injected generally causes the return of the hovering, which then goes 
on to delirium.  Curiously enough, in  several experiments in which 
the extreme forms had been reached--missed beats  occurring every 
third or fourth contraction and every beat differing from its neighbors 
in size and the extent of systole and diastole--a new injection, instead 
of increasing the disorder, caused a temporary improvement, the excur- 
sions increasing in size and becoming more regular and the missed beats 
disappearing.  This was, however, soon followed by complete collapse. 
Stimulation of the vagus in one or two experiments was followed by 
the same result.  ~[arm~ and Popper note a  similar improvement hi 
the blood-pressure tracing from stimulation of the vagus and a repeti- 
tion of the injection. ,  This might lead one to suppose that the condi- 
tion of extreme irregularity is due, at any rate in part,  to exhaustion 
of the heart.  That  this  is  not  the  correct  explanation,  however,  is 
shown by the fact that it occurs after large doses only a  few minutes 
after the injection and after the heart has been exposed only a  very 
short time, as well as by the fact noted above, that evident symptoms 
of recovery are often seen from the extreme conditions of irregularity. 
The real explanation is the renewal of the inhibitory action, as will be 
shown later, the stimulation of the vagus and the new injection both 
acting in the same way.  When the inhibition is again overcome by 
further muscular action the irregularity returns in even more marked 
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Occasionally the ventricular contraction improves before death,  and 
may in fact become fairly regular.  It then  ceases suddenly  and  de- 
lirium sets in.  This regularity  was at first very puzzling.  It is due 
to  the  stoppage  of  the  auricle  and  the  consequent  cessation  of  the 
interference,  as will be explained more fully later. 
As a  general rule the periodic variations  set in very soon after the 
acceleration  of the  heart.  Sometimes  one  or  two  minutes  of  fairly 
regular contractions followed on the first stage (Plate XXII, Fig. 20a), 
but more frequently the commencement of the second was marked by 
a great undulation  in the systolic or diastolic line.  In other tracings 
the ventricular contractions remain of almost uniform force for a long 
time  (see  Experiment  VI),  the  rhythm  becoming  more  and  more 
accelerated,  until at last the periods set in and standstill  occurs a  few 
minutes later  (Plate XXII,  Fig.  20, a and b).  In two tracings  I  can 
find no distinct periods in the ventricular tracing.  The contractions in 
these cases remained of the same character as at the beginning  of the 
second  stage  until  they  terminated  in  delirium,  the  shortening  in 
systole persisting throughout and a high blood pressure being recorded 
up to the moment of the ventricular standstill. 
In a number of experiments,  after the lever had ceased to move for 
several seconds, contractions recommenced quite suddenly, lasted for a 
few  moments  and  again  ceased.  This  was  occasionally  repeated 
several times and  delirium  cordis then  set in,  the  heart  dilating  to  a 
position far  beyond anything  seen  during  the  tracing  and  quivering 
for several minutes  before coming to rest.  This  temporary recovery 
of the heart muscle was seen much more frequently in the auricles than 
elsewhere,  and  it  was repeated  much  more frequently  in  these  than 
in the ventricles. 
The ventricle ceases finally in a position generally midway between 
systole and diastole.  The subsequent dilatation  dllring the delirium is 
probably due to the paralysis of the muscle, not by the drug directly, 
but by the products of its own activity. 
It must not be supposed that all of these types occur in every experi- 
ment.  On the contrary, one sees a few of the types and intermediate 
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large groups first described, and the evolution from one to another may 
be easily traced.  The process seems to consist of a diminution  of the 
smallest  beats  and  an  enlargement  of  the  largest  accompanied by a 
shortening  of the length  of the period.  The  change  from  one form 
to another is occasionally very abrupt, and, more especially when large 
quantities  are  injected,  the  most  extreme  forms  may  follow  very 
closely on the first stage.  In  experiments in  which  the pause  phase 
occurred in the first stage, it often passed directly into one of the more 
extreme types of irregularity,  and the acceleration of the rhythm was 
much more rapid in its onset than in the other forms. 
Tracings  of the  irregular  stage taken  on  rapidly  revolving  drums 
added  but little  definite  information.  The  irregularity  is  of  course 
the  same  and  the  variations  in  different  hearts  are  equally  marked. 
In these tracings, however, it is seen more evidently that not only the 
size of consecutive beats varies very greatly, but also their whole form. 
Thus one beat shows a rounded and fairly long  diastolic pause, while 
the next forms a very acute angle in diastole, the heart having scarcely 
completed its relaxation before a fresh contraction sets in.  In others 
it is evident that dilatation was imperfect when the contraction recom- 
menced.  The  systole is no more regular,  the  duration  of the  pause 
in full contraction  being sometimes longer  and  sometimes  shorter  in 
consecutive beats, but the tracing rarely showing the sharp angle seen 
in diastole.  There is, therefore, seldom a jerk contraction with imme- 
diate relaxation,  but the heart has  a  distinct  tendency to  remain  for 
some time  in  the contracted  position.  On the  other hand  the  great 
variation in the extent of systole is rendered even more evident in these 
tracings  than  in  those  taken  on  the  slow  drum.  In  these  also  it  is 
clearly seen that the failure of the missed beats to reach systole is not 
want  of  time,  the  heart  frequently  remaining  contracted  for  some 
time at some distance from the maximum systolic line.* 
The extreme diversity of the tracings in this second stage precludes 
the  possibility of giving  any general  description  that  would include 
* I  reserve a more detailed description of the second  stage as seen when 
registered on  quick drums,  for a  future  paper, in  which the  cause of the 
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most of the features observed even in a single heart.  The most char- 
acteristic feature is the periodicity, and I  think the tracings appended 
show most of the forms observed.  The first explanation of this feature 
that occurred to me--that it was due to the artificial respiration--was 
shown to  be incorrect, because when this was suspended the periods 
were unchanged.  The inhibitory mechanism is so prominent in  the 
first stage that it might be supposed that it might play a part in elicit- 
ing  the  most  characteristic feature  of  the  second,  but  the  periodic 
variation occurs quite as markedly after the injection of atropin. 
The periodic tendency seems therefore entirely independent of the 
inhibitory apparatus,  which, however, is generally more or less active 
during the beginning of its manifestation, as shown by the somewhat 
slowed rhythm as well as by the occasional appearance of a  diastolic 
pause in the midst of a  group noted earlier in this paper.  None of 
the features seemed to point to the activity of the accelerator nerves, 
and I  have neither stimulated nor divided them. 
At the beginning of the second stage,  when the periodic variation 
first makes its  appearance, there is generally present an exaggerated 
excitability of the  central  nervous  system which manifests  itself  in 
movement of various kinds.  Thus although the supply of air to the 
lungs  is  maintained  uniformly throughout  the  experiment,  violent 
movements  of  the  diaphragm  and  abdominal  muscles  are  to  be 
observed.  These are perfectly rhythmical and  are evidently due to 
stimulation of the respiratory areas.  Other movements of a  convul- 
sive character are also present, resembling those seen under picrotoxin 
and  other  so-called  "convulsive  poisons."  It  seemed possible  that 
these movements, by driving the blood out of the abdomen and muscles 
into the heart, might alter the character of the beat somewhat, although 
it  would  be  difficult to  explain  thus  the  enormous  variations  seen. 
In the later part  of the tracings,  however, no  such  evidences of in- 
creased activity of the brain and cord are observed, while the periodic 
character may remain almost  as  marked as  at  first.  Moreover,  the 
periods set in in dogs whose movements have been rendered impossible 
by the previous administration of curara.  This would therefore ex- 
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movements.  At  the  same  time  the  spasmodic  contraction  of  the 
arterioles from convulsive stimulation of the vasomotor centre is not 
excluded.  The blood-pressure tracing (see Plate XIX,  Fig.  8),  how- 
ever, shows only moderate undulations during this period, which are 
manifestly insufficient to cause the marked changes in the heart,  but 
which are rather to be considered the effects of these changes.  I  think 
the periodicity, like the increased contraction of the heart during the 
first stage, must be attributed to a direct action of the drug injected on 
the heart.  Knoll  ascribes it  to  fatigue of the heart,  but  other sub- 
stances, such as chloroform, which might be expected to have a more 
powerful  action  in  this  direction,  do  not  cause  this  periodic  phe- 
nomenon.  In  the  frog's  heart  there  are  seen  what  may  be  called 
periodic variations at a certain stage of the intoxication with digitalis. 
One part of the ventricle remains contracted during several diastoles of 
the rest of the organ,  and then dilates again while  another part  be- 
comes  contracted in  the  same way.  Often  a  peristaltic  movement 
may be made out, the blood being driven from one side of the ventricle 
to the other and back again by alternate contractions of the two halves. 
The myocardiograph records only the contractions of a single strip  of 
muscle, and the question  therefore arose whether the  periodic char- 
acter was not of exactly the same nature as the peristaltic movement 
of the cold-blooded heart and confined to the piece of muscle examined. 
On watching the heart, however, at this stage it is seen that the whole 
of a ventricle is concerned in the variation, and in the rabbit's  heart 
more especially the change from large to small contractions may be 
made out very distinctly by the eye and finger.  Another method of 
deciding  this  question  which  I  have  employed is  the  cardiometric. 
If the variation were confined to a small part of the heart one would 
scarcely expect a  very marked change to  be recorded by this instru- 
ment, while if the variations were equally marked in the cardiometric 
and  myocardiographic tracings  the  inference would  be  that  at  any 
rate large parts of the heart, if not the whole of it, we,re affected by the 
change.  As a matter of fact the cardiometer, as will be shown later, 
indicates that large divisions of the heart,  sometimes even the whole 
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explanation  of  the  irregularity,  it  will  be  necessary  to  discuss  the 
changes  seen  in  the  auricle  in  the  second stage,  as these  are  closely 
connected with the ventricular periods. 
SIS[ULTA.N-EOUS  TltACINGS  OF  TIIE  MOVEMENTS  OF  T]KE  TWO  VENTRICLES 
DUI~ING THE  SECOND  STAGE. 
During  this  stage  the  rhythm  of the  ventricles  remains  the  same. 
In none of my experiments in which the movements of both ventricles 
were recorded have I  been able to find a single contraction of the one 
ventricle  which  was not accompanied  by a  corresponding  movement 
of  the  other.  On  merely  watching  the  ventricles  it  often  appears 
that  one  beats more  rapidly  than  the  other.  Even if  the  levers  be 
observed, the same error is made, for the two writing points, instead of 
maintaining  the  parallel  movements  observed  in  the  first  stage,  are 
seen at one time converging, at another time diverging, and then again 
running  parallel.  On  examining  the  tracing,  however  (Plate  XIX, 
Fig.  7, and Plate XXII, Fig.  12), it is found that the number of con- 
tractions  recorded by each ventricle is exactly the same  and  that the 
illusion is due to one ventricle  having  made  a  very small contraction 
(" missed beat "),  while  the  other performed  a  normal  or even exag- 
gerated  excursion.  I  have  paid  the  more  attention  to  this  point  on 
account of the views put forward by Openchowski and Bayer.  Knoll 
in  his second paper also mentions the arhythmia  of the different divi- 
sio~ls of the heart, but may possibly refer cmly to the movements of the 
auricle  and  ventricle,  and  not  to  those  of the  ventricles.  No  such 
dissociation of the two ventricles as these authors assert is to be found 
in any of my tracings.  This equality of rhythm is, however, the only 
feature in which the tracings of the two ventricles resemble each other 
in the second stage.  The degree of movement in each individual con- 
traction differs frequently in each division.  Thus a missed beat in the 
right ventricle may correspond to an abnormally large one in the left, 
or the one tracing may show the most beautiful group periods while the 
other is contracting fairly uniformly (Plate XIX, Fig. 7).  In general 
I  have found the left ventricle  maintain  a  fairly regular  contraction 
longer than the right,  but this rule is subject to numerous exceptions, 
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fortuity is seen in the left.  Sometimes the two cavities seem to change 
in the inverse direction~ the large beats of the right corresponding to 
the small  ones of the left  and vice  versa.  This,  however, is  purely 
casual, and a few moments later one may see the two levers carry out 
very large or very small excursions together.  The tracings appended 
show better than  any description can do,  the remarkable divergence 
in  the  movements of these two  divisions  of the heart  at  this  stage. 
The cessation of rhythmical movements in the two ventricles is subject 
to no less variation.  In some cases standstill of the left precedes that 
of the right, although in my tracings the reverse sequence is the more 
frequent.  The ventricles then occasionally recover for a few seconds, 
to  pass  ultimately into delirium cordis  and extreme dilatation.  The 
variation in the strength of contraction in the two ventricles can also 
be made out by direct observation, although the extent of the diverg- 
ence is not appreciated until the graphic method has been adopted. 
AURICULAR  TRACINGS  IN  THE  SECOND  STAGE. 
In the second stage the movements of the auricle present even less 
uniformity than  those  of  the  ventricle.  When  the  slowing  during 
the first stage has  been moderate and  the  long  diastolic  pauses  and 
accompanying arhythmia of the auricle and ventricle have not been 
developed, the auricular tracing resembles the ventricular in  the be- 
ginning of the second stage, the same periodic changes and the same 
gradual acceleration of the rhythm occurring.  After some time, how- 
ever, the auricle suddenly ceases to beat in a position somewhat nearer 
diastole  than  systole,  but  not  in  full  dilatation.  This  standstill  is 
frequently final, the auricle ~ving no further signs of life, although 
the  ventricles  continue  their  contractions  for  some  time.  In  other 
cases, however, the pause only lasts for a few seconds and the auricle 
recommences beating, sometimes at the same rate as before, but more 
frequently in a much accelerated rhythm and more irregularly (Plate 
XXI, Fig. 19a).  After the lapse of some ten to thirty seconds it again 
comes to a standstill, and this alternation of feverishly hasty pulsations 
and of complete inactivity may be repeated a number of times before 
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Sometimes the  auricular  movements gradually  become  smaller  and 
smaller  and  eventually cease  in  diastole,  from  which  they  do  not 
recover.  In either case the auricle ceases here before the ventricle, but 
it does not dilate to its full extent nor pass  into delirium cordis until 
the  ventricle  ceases.  This  is  in  accordance with  the view that  the 
extreme dilatation in which the whole heart is generally found after 
digitalis poisoning is not a direct effect of the poison, but of the inani- 
tion of the heart muscle, as the auricle is supplied with blood as long 
as the ventricle is in movement. 
When  extreme slowing of the heart rhythm has  occurred in  the 
first stage and the sequence of the auricular and ventricu]ar rhythm 
has been lost, the auricular tracing in the second stage presents a very 
different appearance from that just described.  Here the acceleration 
of  the  auricle  is  a  comparatively slow  process,  while,  as  has  been 
remarked above,  the ventricle passes  very rapidly from the  stage of 
extreme slowing to that of marked acceleration.  The auricular trac- 
ing still shows the characteristics of inhibition in the marked slowing 
as well as by frequent pauses in diastole (see Plate XVII, Fig.  5, and 
Plate XXII, Fig. 20).  At the same time there is a gradual improve- 
ment in  the contraction, the systole becoming much more complete. 
The auricle continues to accelerate its beat until it eventually attains 
the  rapid  rhythm of  the ventricle,  provided  the  latter  continues its 
movements  long  enough.  Until  this  occurs  the  excursions  of  the 
auricle remain fairly uniform, except that after a  diastolic pause the 
systole frequently is  larger  than  the  one  immediately preceding it. 
After the rhythm of the auricle has become accelerated so as to almost 
equal  that  (~f  the  ventricle,  however,  group  periods  may  become 
developed and the usual irregularities of the second stage (Plate XXII, 
Fig.  20b).  In those cases in which the acceleration of the auricular 
rhythm occurs later than that of the ventricle, the auricle frequently 
contracts as long as the ventricle, in  some cases even longer, before 
passing into delirium. 
The divergence of these two forms in the auricular tracing is evi- 
dently  due  to  the  different power  of  the  inhibitory  mechanism in 
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members of the group.  As long as the inhibitory action is present to 
a very marked extent, the periodic phase,  as will be shown later,  can- 
not set in in either auricle or ventricle.  When it is less fully developed, 
periodicity occurs in the ventricle and not in the auricle, and still later 
both divisions show equally marked periodic irregularities. 
The pauses which (~c~ur in the auricular tracings first described are 
evidently  not  due  to  inhibitory  action.  They  present  none  of  the 
characteristic  features  and  besides  occur  in  atropinized  hearts.  I 
look upon them as extreme developments of the periods.  At the same 
time  I  find  it  difficult  to  account  for  the  alteration  of  the  rhythm 
which  follows them.  The  auricle  may  b~at  with  perfectly  regular 
rhythm before the pause and then resume its contractions  accelerated 
to a rhythm more than half again as rapid as its former one. 
SIMULTANEOUS  TRACINGS  OF THE  VENTRICLE  AND  AUI~ICLE IN  THE 
SECOND  STAGE. 
As regards the character of the individual  contractions,  what has 
been said  above as  to  the  divergence  of  the  contractions  of the  two 
ventricles  may  be  repeated  in  regard  to  the  auricle  and  ventricle. 
Even when the rhythm remains  the  same in the  two divisions  of the 
heart,  there is no resemblance between the corresponding contractions. 
The  character  of the contraction in the  one has no influence whatso- 
ever  on  that  of the  other,  a  missed  beat  in  the  auricle  being  often 
followed by an abnormally large one of the ventricle  and  vice versa. 
The rhythm of the auricle and ventricle remains the same, provided 
there has been no dissociation in the first stage, until late in the second 
stage.  When,  however, the  auricle  stops contracting,  as it  generally 
does, the ventricle  continues  without  the  slightest  change  in  rhythm 
or  force  of  contraction.  When  the  auricle  recommences  again  the 
two divisions no longer preserve their  equal rhythm,  the  auricle  con- 
tracting  often nearly twice  as fast as the  ventricle.  Here again  the 
ventricle  remains  quite  uninfluenced  by  the  changes  in  the  other 
division,  undergoing  a  slight  continuous  acceleration  whether  the 
auricle is beating more rapidly or is in complete standstill (Plate XXI, 
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If auriculo-ventricular  arhythmia has set in in the first stage it con- 
tinues  during  a  variable time in  the  second.  The  ventricle  assumes 
its rapid rhythm rather suddenly, while the auricle maintains  the slow 
" pause phase "  for a  much longer time.  The auricular rhythm  then 
slowly quickens until  it attains the  ventricular  acceleration,  and  then 
stoppage of the auricle may occur and its subsequent rhythm be much 
more rapid than the ventricular.  As a general rule the auricle comes 
to  a  final  standstill  before the  ventricle.  When,  however,  the  auri- 
eular slowing has been prolonged  and  the ventricle  ceases before the 
auricle  has  reached  an  equal  acceleration  with  it,  that  is  when  the 
auricle  is  still  more  or  less  controlled  by the  inhibitory  mechanism 
when  the  ventricle  fails,  the  former  may  continue  contracting  for 
several seconds longer. 
In  several  experiments  in  which  the  aurieulo-ventricular  rhythm 
had attained a high  acceleration, stimulation  of the vagus in the neck 
was not  followed by slowing  of the  heart,  but  the  ventricle  became 
more dilated in  diastole and  less shortened  in  systole, while the  auri- 
cular contractions became much less strong.  The inhibitory mechan- 
ism  seems, therefore,  still  capable  of causing  its  usual  effects on  the 
cardiac muscle, except that it is incapable  of slowing the rhythm. 
The independence  of the four divisions of the heart  as regards  the 
nature  of the contraction performed by each is therefore complete, in 
fact no better example of this could be found than in the second stage 
of the action of this  series.  The normal  sequence of the  auricle  and 
ventricle  is also interfered  with  by these drugs,  while  the  association 
of the rhythm of the two ventricles, and probably of the two surieles, 
remains unimpaired. 
The explanation  of the whole of the phenomena of the second stage 
is,  I  think,  to  be  found  in  the  increasing  irritability  of  the  cardiac 
muscle, with or without the antagonistic inhibitory mechanism coming 
into  play.  "Similar  features  occur  in  the  later  stages  of  poisoning 
with other drugs, such as aconitin,  and I  shall therefore not enter into 
the details of the subject here, but reserve them for a future communi- 
cation and confine my remarks to what is absolutely necessary for the 
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heart must be considered to  have two rhythms--the ventricular and 
the auricular--of which the former is generally entirely in abeyance, 
the ventricle receiving its rhythm from the auricle by muscular con- 
duction.  If,  however,  the  auricular  rhythm be  obliterated, or  the 
connection between the auricle and ventricle be cut off by crushing 
(Wooldridge) or by section (Tigerstedt) or" by inhibitory influence (Me- 
William, Bayliss and Starling), the ventricular rhythm sets in and the 
two cavities beat independently of each other as regards both rate and 
force. 
Another way in which an independent ventricular rhythm may be 
set up is by stimulation of the ventricular muscle (Bayliss and  Star- 
ling). 
Two independent rhythms may occur in the heart, and the contrac- 
tions  of each of the divisions concerned may be perfectly regular in 
force,  rate  and  size.  This  continues,  however,  only as  long  as  the 
passage of impulses from the one to the other is blocked.  As soon as 
two rhythms occur without any hindrance to  their passage from one 
division to the other, the contractions of each become irregular, owing 
to the interference of the transmitted impulses with the contractions 
generated  spontaneously  in  each  division.  An  impulse  may  pass 
either to  the ventricle from the  auricle or in  the reversed direction 
(~eWilliam, Bayliss and Starling). 
Returning now to the tracings obtained after digitalis, we find that 
in the first stage we often have the same rhythm in auricle and ven- 
tricle throughout.  In this case the rhythm is auricular, the inhibitory 
action slowing it,  but not being strong enough to  block the impulse 
passing to  the ventricle.  As the action proceeds,  the inhibition  be- 
comes weaker, or more probably the muscular action  on  the  auricle 
overcomes the inhibitory  and  the rhythm becomes less  slowed than 
immediately after the injection.  The auricular rhythm is still,  how- 
ever,  somewhat slower  than  normal  owing  to  the  inhibition.  The 
muscular action is more marked on the ventricle and the inhibitory is 
less powerful.  Accordingly we find the irritability of the ventricle at 
last so great that the slow auricular rhythm is no longer sumcient to 
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now set in motion by two sets of impulses,  one generated  in its  own, 
the other derived from the auricular muscle.  As long as the extrane- 
ous impulse  reaches  the  ventricle  during  its refractory  period it  will 
have no effect, and if the two rhythms  are nearly equal  a  number of 
impulses  are  therefore  ineffective.  In  this  way the  irregularity  be- 
comes periodic, the periods being longer at first when the rhythms are 
nearly  equal,  but becoming shorter  as  they diverge  more  from  each 
other. 
In the auricle the condition is similar,  the same interference  of the 
two rhythms occurring and the same periodic irregularity.  Occasion- 
ally,  however,  the  auricle  is  fairly  regular,  while  the  ventricle  is 
periodic.  This is because the passage of impulses from the auricle  to 
the ventricle is much easier than  in the opposite direction.  Thus we 
may have an interference occurring in the ventricle from the clashing 
of  the  auricular  and  ventricular  rhythms  while  the  ventricular  im- 
pulses are unable to pass to the auricle,  and the latter  therefore beats 
perfectly regularly. 
In case the inhibition is more complete, so that in the first stage the 
auriculo-ventricu]ar  rhythm  is lost,  the  same  process goes on.  Here 
the  ventricle  accelerates  but  remains  regular,  because  there  is  no 
interference  in  the  rhythm,  the  auricular  impulses  being  blocked at 
the junction of the two parts owing to the persistent strong inhibition 
(Plate XXII, Fig. 20a).  The auricular muscle also becomes accelerated 
in course of time,  and its impulses  become stronger  owing to  the  in- 
creasing muscular  action.  Eventually its impulses succeed in  break- 
ing through the barrier and the periodic phase at once sets in in both 
auricle  and ventricle,  or in  the ventricle  alone if the  ventricular  im- 
pulses  are  unable  to  pass  in  the  reversed  direction.  When  the  two 
rhythms bear a  certain  relation  to one  another  the result is complete 
standstill.  This  seems  to  occur  more  frequently  in  the  auricle,  or 
rather  the standstill  here  is  not  attended  by such  fatal  consequences 
as that  of the  ventricle.  I  have  not yet been  able  to  find  precisely 
the conditions in which this standstill of the auricle occurs, but I  have 
produced it  repeatedly  by stimulation  of  the  unpoisoned  heart,  and 
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to the interference of two rhythms.  When the auricle ceases to move 
the lever the ventricle not infrequently becomes regular again, but in 
other  cases  its  irregularity  is  unchanged,  because,  as  I  believe,  the 
auricle  still  continues  to  transmit  impulses  even  when  it  no  longer 
contracts itself. 
I  have  mentioned  already  that  a  new  injection  of  the  poison  or 
stimulation  of  the  vagus  not  infrequently  renders  the  ventricular 
contractions more regular.  The action here is undoubtedly the inhi- 
bitory blocking of the impulses.  This power of hindering the passage 
of impulses from the  auricle  to the ventricle remains, long after  the 
vagus has lost its power of slowing the rhythm, owing to the increased 
irritability  of the muscle.  Another way in which the action of the 
vagus in producing regularity  might be  explMned is  the  weakening 
of the auricular contraction which it produces.  This weakening of the 
auricle  can be  easily produced by vagus stimulation even in the last 
stages,  but would scarcely  explain  the regularity  of the  auricle  pro- 
duced by the injection,  although it may possibly also play a  part in 
the action. 
The  periodic irregularity  of  the  second  stage  is  then  due  to  the 
interference of two rhythms in the heart.  This is not a purely hypo- 
thetical explanation, for almost all the irregularities which have been 
described above in the' second stage can be produced in the unpoisoned 
heart by passing sufficiently rapid induction shocks through the differ- 
ent chambers.  Some forms of irregularity I  have not yet produced, 
probably owing to deficiencies in the apparatus  at my disposal, but I 
• think my tracings  of artificial irregularity  already justify me in ex- 
plaining  the  digitalis irregularity  in this  way.  The  arhythmia  and 
irregularity  of the  auricle  and  ventricle  being  thus  disposed of,  an 
explanation  may  seem  required  for  the  persistence  of  the  common 
rhythm  in  the  ventricles.  It  may  be  assumed  that  these  have  too 
much muscle in common to allow of the one contracting more rapidly 
than the other, but how then do they differ in the force of individual 
contractions?  I  have  no  experiments in which the two auricles  are 
simultaneously recorded owing to the displacement of the heart which 
is necessary, and must acknowledge that the following explanation is 
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hypothetical,  although  I  find  no  features  in  Knoll's  tracings  which 
refute it.  My object in putting it forward is merely to show that the 
dissociation in force of the two ventricles is not ineomlmtible with the 
view that I  have suggested above.  I  assume then that the rhythm  of 
the  right  auricle  is the  same  as that  of the  ]eft,  as that  of the right 
ventricle  is  identical  with  that  of  the  left.  The  condition  of  the 
auriculo-ventricu]ar  connection is not, however, necessarily similar  on 
the  two sides.  An  impulse  therefore  passing  from the  right  auricle 
to the  ventricle  may interfere  with  the  contraction  and  inhibit  it  to 
the  extent  of  causing  a  " missed  beat."  The  same  impulse  passing 
from the  left auricle  to  the  ventricle is blocked on the  way and  the 
contraction  of  the  left  ventricle  is  therefore  of  ordinary  force.  In 
the  same  way the  left  auricle  in  this  case  would  also  be  free  from 
interference.  The  interventricular  rhythm  therefore  is  preserved 
owing to  the  large  masses  of muscle  common  to  the  two  chambers. 
The interauricular  rhythm presumably also lasts throughout  from the 
same  cause  (see  Knoll's  tracings).  The  irregularity  of  the  second 
stage is  due  to  the  interaction  of each  auricle  and  its  corresponding 
ventricle,  and  if the  bond between these  be ruptured  each  will  beat 
regularly though not necessarily in the same rhythm.  If the bond be 
preserved  and  each has  attained  spontaneous  rhythm,  they will  con- 
tract irregularly.  If the bond be preserved on one side and ruptured 
on the other the one auricle and ventricle will beat irregularly,  while 
the  other  auricle  and  ventricle  will  beat  regularly.  Thus  suppose 
there exists an inhibitory block between the ]eft auricle and ventricle 
while  there  is  none  on  the  right  side.  The  two  auricles  contract 
rhythmically and the two ventricles.  The right auricle and ventricle, 
however, interact on each other and their contractions show, therefore, 
periodic  variations.  The  left  ventricle  can  only  communicate  with 
the auricles through the right ventricle,  and its contractions are there- 
fore much less affected, or may scarcely be affected at all.  As a gen- 
eral  rule  one finds that  when  one  ventricle  shows periodic variations 
the other also shows undulations  to  a  very much  smaller  extent,  and 
these may be due to this indirect communication. 
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invariably show a practically equal degree of irregularity, owing to the 
impulses passing through from the auricles on both sides. 
THE  CARDIO~ETRIC  TRACING  IN  THE  SECOND  STAGE. 
The cardiometric tracing shows the same modifications in the second 
stage as the myocardiographic.  The same groups are met with in the 
beginning and the subsequent periods become equally irregular.  The 
amount of blood expelled from the heart, the diastolic dilatation and 
the residual blood  are found to  correspond fairly satisfactorily with 
what has been inferred from the myocardiographic curves.  The in- 
efficiency of the smaller beats is shown even more clearly than by the 
other method, intervals of several seconds sometimes lapsing without 
any blood  whatever leaving the heart,  while  during  the  periods  of 
large contractions the output per beat far exceeds the normal (Plate 
XX,  Fig.  17,  and Plate XXI,  Fig.  18).  At a  later stage  alternate 
large and small contractions or other more or less  irregular periodic 
forms are to be met with very much as in the tracings obtained from 
the muscle directly. 
In many experiments the variations seen were considerably smaller 
than  those  generally obtained  by  the  myocardiograph,  and  irregu- 
larities  occur which have  no  counterpart in  tracings  taken  with  it. 
This is to be accounted for by the divergence in the contractions of the 
two ventricles described already,  If one of these alternately empties 
itself completely and makes a missed beat, this will be recorded even 
although the other be contracting regularly, but the variations in the 
excursion of the cardiometer lever will not be so great as those of a 
myocardiogTaph attached to the periodic ventricle would be.  In order 
to preserve a  perfectly regular tracing in the periodic stage the con- 
tractions of the two ventricles would have to  be  completely comple- 
mentary, that is the right must perform its shortest contraction at the 
same time as the left its longest, and the difference between the largest 
and smallest contractions of the one ventricle must be precisely equal 
to that of the other.  :Needless to say, this never happens, and accord- 
ingly the cardiometer tracing in the periodic stage resembles the myo- 
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sarily smaller and additional irregularities occur from the clashing of 
the two ventricle contractions.  Sometimes, however, one finds trac- 
ings which indicate that both ventricles are undergoing simultaneous 
periodic changes (Plate XX, Fig. 17).  The auricles, as I have said, do 
not as a  general rule cause any movement of the cardiometric lever. 
During  the second stage,  however,  there  generally occurs  a  sudden 
increase in  the volume of the heart.  This is,  I  think,  the diastolic 
standstill of the auricle. 
It is evident from what has been said that when the different divi- 
sions of the heart are not contracting in approximately the same way 
the cardiometer is of doubtful utility, and I  have therefore paid less 
attention to its results in this stage than in the first stage. 
THE  BLOOD-PRESSURE  TRACING. 
In  a  good many experiments the blood  pressure was  recorded by 
means of the ordinar  F mercury manometer connected with the carotid 
artery, and in some of the tracings appended to this paper the blood- 
pressure  curves  are  reproduced.  So  many  observers  have  already 
analyzed the blood-pressure tracing under members of this series that 
I  scarcely expect to find much new in it, and have rather attempted to 
show the condition of the heart corresponding to each known change 
of the tension. 
In the first stage the increase in arterial tension not infrequently sets 
in before any material change in the heart occurs, although it never 
reaches any great height until  the heart is  also seen to  be  affected. 
In atropinized animals the rise in pressure is the only change seen in 
the carotid tracing (Plate XV, Fig.  2),  but in  ordinary cases the in- 
crease in tension is accompanied by marked slowing and enlargement 
of the pulse waves (Plate XV, Fig. 1, and Plate XVIII, Fig. 6).  In 
these the increase in pressure is also somewhat less than when the inhi- 
bitory apparatus is paralyzed, and in fact when the pause stage sets in 
the pressure may fall considerably, sometimes reaching the normal or 
even below it 0"f. Exp. V,  and Plate XVI, Fig.  4).  In experiments 
where these diastolic pauses set in very markedly the excursions of the 
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The increase in the size  of the pulse waves seems, therefore, due to 
the inhibitory action in one or other ef its manifestations.  In a num- 
ber of cases in which the diastolic dilatation was  absent or not well 
marked while the slowing was a  prominent feature, the enlargement 
of the pulse waves was quite as great as in other cases in which both 
were equally well marked,  while when the increase in  diastole  was 
more marked and the slowing was slight the large pulse waves were 
not met with (compare Plate XVI, Fig. 4, b and c).  The increase in 
the size of the pulse waves, therefore, while possibly due in part to the 
increased amount Of blood thrown into the arteries owing to the dilata- 
tion of the ventricle during diastole, must be mainly attributed to the 
slowed rhythm of the heart allowing the arteries to empty themselves 
more completely than normally during the interval between the con- 
tractions.  The phenomenon is  entirely independent of the increased 
completeness of the systolic contraction (compare Plate XV,  Figs.  1 
and 2), and the old explanation that it was due to increased strength 
of the heart must therefore be abandoned. 
The  results  of the  cardiometric tracings  throw  considerable  light 
on the much-disputed question as to the cause of the increased blood 
pressure in the first stage.  From these it is seen that the amount of 
blood thrown out by the heart per unit of time may vary very con- 
siderably under digitalis.  Except, however, in cases where the slowing 
is very marked indeed, the output is increased, although this increase 
may be comparatively small, and seems insufficient to account for the 
marked rise in pressure.  Thus in Experiment VIII the greatest in- 
crease in the output in 10 seconds was something under 20  per cent, 
while the blood pressure rose in the same time over 60 per cent.  Now, 
the output  is  the  only factor by which the  heart  can influence the 
mean blood-pressure tracing.  Increased force of contraction can only 
possibly increase the size of the individual beats,  the mean pressure 
remaining unchanged.  In this experiment, however, the increase in 
the output falls short of the increase in the pressure by some 40  per 
cent, which must therefore be ascribed to some other agency than the 
heart, i. e.,  to  the peripheral vessels.  Both factors are, therefore, to 
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portance of the increased output is seen in those cases in which at one 
time marked slowing of the heart rendered its output temporarily less 
than normal, for the blood pressure fell sometimes to normal or even 
below it.  At the same time the influence of the increase in peripheral 
resistance is shown in experiments in which with an unchanged output 
the pressure rose. 
In the second stage the irregularity of the blood-pressure tracing is 
explained by the irregularity of the heart.  During the stage of more 
prolonged periods the tension in the arteries remains high and shows 
periods of regular increase and decrease (Plate XIX, Fig. 8) resembling 
Traube's waves.  As the irregularity progresses, however, the pressure 
begins to fall, and as soon as the missed beats occur they lead to a fall 
in pressure, which is not wholly compensated for by a subsequent series 
of  large  contractions,  a  certain  degree  of  regularity  in  the  heart's 
action being a  sine  qua  non of a high blood pressure.  A  missed beat 
is generally accompanied by a  sharp  fall in pressure  (see Plate XX, 
Figs.  13,  15 and 16),  and if these occur regularly a  wave effect may 
be produced somewhat resembling the respiratory waves.  When an 
alternation of small and  large contractions occurs the  blood-pressure 
tracing may be very misleading, for one often finds a single pulsation 
produced by the large beat and uninterrupted by the smaller (Plate 
XX, Fig.  13).  This single pulse is  of course of considerable size  for 
the same reason that the pulsations in the first stage are enlarged--the 
slowing.  It not infrequently has a  notch in its  descending limb,  or 
there may be two or more undulations on the descending limb and in 
the  interval  between  the  pulsations  (Plate  XX,  Fig.  15).  These 
secondary undulations are of course due to  independent contractions 
of the heart of small size,  but marly authors have failed to recognize 
this fact and therefore describe occasional slowing in the second stage 
or just before death.  When one considers that the two ventricles need 
not at all coincide in the strength of the contraction each performs, it is 
at once understood how the manometers in the puhnonary and carotid 
arteries need not agree in  the number of pulsations  per minute,  the 
one marking large pulsations with or without dicrotic waves, the other 
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dissociation of the rhythms of the two sides of the heart was therefore 
natural, though incorrect.  At the same time the danger of estimating 
even the speed of the irregular heart by means of the  manometer is 
shown, and much more, that of deducing the condition of that  organ 
from the blood-pressure tracing'. 
Another error that has been made in descriptions of the manometric 
tracings in the second stage is that tile sudden descents of the needle 
indicate a  stoppage of the heart in diastole, but  from several of my 
tracings, as well as from a consideration of ordinary physical laws,  it 
may be seen that stoppage in systole, or rather a  series of small beats 
in systole or elsewhere, will have exactly the same effects as regards 
the blood-pressure tracing  (Plate  XX,  Fig.  15).  The  fact  that  the 
rhythm seen in the blood-pressure tracing in the second stage is  the 
independent ventricular and not a  rhythm derived from the  auricle 
as in the normal heart, explains how many observers could obtain no 
slowing  of the  pulsation  in  this  stage  by  stimulation  of  the  vagus. 
This absence of slowing does not indicate paralysis of the vagus ends, 
but excessive irritability of the ventrieular muscle. 
The  discussion  of the  changes  seen in  the  blood-pressure  tracing 
during the whole of the second stage would  occupy more time and 
space than is at my disposal,  and the subject does not. seem to me of 
great interest or importance.  Suffice it to say that as the irregularities 
in the heart's contraction become more marked, the pressure gradually 
falls  and  eventually reaches zero,  when the heart  ceases.  The  fall 
in pressure is evidently due to the increasing inefficiency of the heart's 
action. 
I  have  made  no  experiments  on  the  pressure in  the  pulmonary 
artery and am therefore unable to state from my own observations the 
changes wMch occur in it.  There is, however, a general consensus of 
<)pinion amongst those who have worked in this direction, that at any 
rate with strophanthin the pressure is little changed.  In view of the 
fact that the right ventricle is affected in exactly the same way as the 
left by all of this  series which I  have examined, this  seems to  raise 
again the question whether She cardiac action of the series can raise the 
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is not due entirely to vascular changes.  On the other hand the amount 
of blood expelled from the heart has been shown in a previous part of 
this paper to be distinctly increased, and the result of the cardiac action 
must therefore be to raise the blood pressure, at any rate to some extent. 
The only way of escape from this paradox is to  assume that the pul- 
monary vessels are capable of allowing not only the ordinary output 
of the right ventricle to pass without resistance, but also to accommo- 
date the larger amounts expelled after strophanthin,  ~dthout enough 
resistance to increase appreciably the pressure in the pulmonary artery. 
The pulmonary vessels in  fact have  considerably less  tone than  the 
systemic and  dilate much more readily under pressure from within. 
Digitalis  apparently  differs from  strophanthin  in  the  fact  that  the 
vascular action is  much more marked not  only in  the  systemic, but 
also in the pulmonary circulation, and a considerable rise of pressure 
is therefore found in the pulmonary artery after its injection. 
SUMMAI~Yo 
In summing up the contents of the preceding pages it may be stated 
that the action of digitalis has been divided into two stages according 
to the changes evinced by the ventricles under its influence; of these 
the first is  cliaracterized by  marked inhibitory  action  together with 
modification of the cardiac muscle, while in the second the inhibitory 
action is less marked and the muscular action becomes the more promi- 
nent feature. 
The inhibitory action is  due to  direct stimulation  by this series of 
the pneumogastric centrally in the medulla oblongata and peripherally 
in the heart.  The extent to which the inhibitory mechanism is stimu- 
lated  varies in  different animals  and with  different members of the 
digitalis series.  The muscular action of small quantities betrays itself 
in a tendency to increase the extent of the contraction, while in some 
cases the degree of relaxation reached in diastole is also lessened by it. 
In larger quantities the series increases the irritability of the cardiac 
muscle very considerably,  and  the  spontaneous  rhythm  of  the  ven- 
tricles therefore becomes developed. 
Through the interaction of these two factors in  the first stage the Arthur R.  Cushny  289 
rhythm of the whole heart is slowed, the contraction of the ventricle 
is more complete, and the diastolic  relaxation is generally increased, 
although it may be unchanged or lessened.  The systolic  pressure is 
increased and the fall from maximum to minimum pressure is slower 
than normal owing to the increased completeness  and longer duration 
of systole (Rolleston).  The auricle  s generally contract with less force 
and may relax more completely than normally.  Sometimes, however, 
their contractions also are more complete than before the injection of 
~he drug.  This latter conditio~ generally precedes the diminution of 
the force of the auricular contraction.  This variation o£ the  effects 
of  digitalis  in  the  auricle  explains  the  changes  in  intra-auricular 
pressure noted by Kanfmann. 
The contraction volume of the ventricles is always much increased, 
and the output per unit of time is generally augmented, and this to- 
gether with  the  contracti(m  of  the  peripheral  arterioles  causes  an 
increase in the tension in the systemic circulation, an acceleration of 
the circulation, and possibly a temporary increase in the pressure in the 
great veins and in the auricle and ve,ntriele in diastole (Kau~mann). 
The pressure in the pulmonary artery is practically unaffected by 
some  members of the  series,  while  by  others it  is  considerably in- 
creased.  This difference in the reaction of the pulmonary circulation 
is due to the varying extent to which these drugs act on the peripheral 
arteries and not to any difference in their action on the two sides of 
the heart. 
If the inhibitory action be very strongly marked the slowing of the 
heart  may  be  extreme,  Eae  ventricles  assuming  their  own  sponta- 
neous rhythm and all connection with the auricles being lost.  While 
the contraction volume of the ventricle is still  greater than normal, 
their output per unit of time may become less than normal, the aortic 
tension therefore fall and the rapidity of the circulation be lessened. 
The ventricles maintain  their  association  throughout,  and  probably 
the rhythm of the two auricles also remains equal.  The ventricular 
rhythm, however, becomes  irregular owing to  the  variation  in  the 
duration  of the  diastolic  pause.  The  auricles may cease  altogether 
in diastole, or may continue to beat with a slower or faster rhythm than 
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During  the  second stage  the  rhythm  of the  heart  becomes accele- 
rated  owing  to  the  increased  irritability  of  the  heart  muscle.  The 
ventricle tends to assume a rapid spontaneous rhythm,  while the auri- 
cular rhythm is also quicker than in the first stage.  When these two 
rhythms interfere by the  passage of impulses  across the  auriculo-ven- 
tricular  boundary in either direction,  irregularity  of the  heart  is pro- 
duced,  generally  bearing  a  distinctly  periodic  character.  The  ven- 
tricles continue to maintain  their  common rhythm,  while the auricles 
and  ventricles  may  contract  at  quite  different  rates.  The  two  ven- 
tricles, however, do not necessarily contract with equal force, and the 
contractions of one may present periodic variations in strength,  while 
those of the other may be almost perfectly uniform.  The contractions 
of the  auricles  vary in  the. same  way as  regards  each  other  and  the 
ventricles.  The inhibitory nerves are no longer able to slow the ven- 
tricular rhythm, but may affect the completeness of systole and diastole 
in the ordinary way.  The auricular contractions  can still be lessened 
in  force and  possibly be abolished by their  stimulation,  and  the  im- 
pulses  passing  between  the  auricle  and  ventricle  may  therefore  be 
blocked and regularity  of the heart produced by powerful inhibition. 
The  irregularity  of the  contractions is therefore due indirectly to the 
increased irritability  of the  cardiac  muscle and  the  acceleration  must 
be attributed to the same cause.  An extreme phase of this stage pro- 
duced ~  by the interference  of the rhythms is a temporary standstill  of 
one of the chambers, generally the auricle. 
The  irregularity  leads  ton  lessened  efficiency of  the  work  of the 
heart.  The  output  varies  extremely  in  successive  observations  and 
the  contraction  volume  of  every  individual  beat  may  differ.  The 
various chambers  often show a  tendency  to  dilate  during  this  stage. 
The blood pressure in the systemic arteries at first remains high, in fact 
may be higher than in the first stage  owing to the  increased rapidity 
of the heart rhythm,  but afterwards falls continuously as the periodic 
variations become shorter in duration. 
The  auricles  generally  cease contracting  before the  ventricles,  but 
not invariably.  There  is no fixed order in  the  cessation  of the  ven- 
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somewhat nearer diastole than  systole and then passes  into  delirium 
and dilates to the fullest extent. 
THE  BEARING  OF  THE  EXPERIMENTAL  RESULTS  ON  THERAPEUTICS. 
Finally some attempt must be made to correlate these changes in the 
heart with the therapeutic results attained by the use  of this  series. 
3_ number of theories have been put forward to explain the action of 
digitalis  in heart disease.  Traube's  first view was  that  the  slowing 
was the main factor, and undoubtedly this may have a beneficial effect 
in cases of tachycardia, although other drugs, such as aconite  , which 
do not possess the characteristic muscular action, might be used in its 
stead for this purpose.  The increased arterial pressure has also been 
considered of great importance in these cases, but cannot be considered 
the essential feature of the digitalis  action,  for  an  equal increase in 
pressure may be  obtained by the  use of strychnine and  other  drugs 
which,  however useful  in  circulatory  abnormalities,  cannot  replace 
digitalis,  The  diuretic  properties  of the  latter seem due  to  the  in- 
creased tension in the renal arteries, for Bradford and Philipps found 
that strophanthin, which constricts the arterioles less,  causes also less 
diuresis or none at all in the normal animal.  The rise in blood pres- 
sure must also play some part in therapeutics by improving the nutri- 
tion of the tissues, and especially of the hear~ itself, by a more rapid 
circulation.  This greater rapidity of the circulation is,  however, not 
due to the peripheral action of the drug, but to its action on the heart. 
In fact the peripheral action may in many cases be dispensed with to 
the  advantage  of the  patient,  as  is  shown by the  success  attending 
the combination of digitalis and nitroglycerine, the l~tter of which can 
only act in these cases by opposing the action of digitalis on the peri- 
pheral vessels.  The rapidity of the circulation is of course increased 
whenever the output of the heart is  augmented, but the acceleration 
may be much diminished by a contraction of the peripheral arterioles. 
The action of nitroglycerin in causing a return to their normal calibre 
would therefore be indirectly to increase the rapidi  W of the circulation. 
The beneficial results of digitalis in quickening the circulation are 
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arises whether the changes described in the first part of this paper are 
sufficient to  explain  the  therapeutic  results  or  whether  some  other 
change must be sought for?  And it must be noted that the features 
to be discussed are those of the first stage and indeed of the first part 
of the first stage, for the extreme slowing which I  have described as 
the pause phase is not elicited in the therapeutic use of these drugs. 
And first of all in ordinary dilatation of the ventricle from any cause 
the action of digitalis is easily explained.  In dilatation we find that 
the heart is  not  only unduly widened in  diastole,  but  also  that  the 
amount of blood remaining in it  in  systole is greatly increased--the 
systole is rendered very much less complete than normal.  The action 
of digitalis in increasing the contraction is therefore practically specific 
in those cases.  In such a condition of abnormal dilatation in diastole it 
may be questioned whether digitalis through its inhibitory action will 
increase the diastolic distension.  From my experiments I  am inclined 
to  think  that  in  dilated  hearts  the  muscular  action  overcomes  the 
inhibitory in  this  point  and  actually lessens the  dilatation.  At  the 
same time the dilatation produced by excessive quantities of acetone- 
chloroform may not be amenable to  the same treatment as that seen 
in valvular disease, etc., and I  shall therefore state it as a probability 
only that the diastolic dilatation in dilated hearts is not increased by 
digitalis, but may remain unchanged or even be lessened by it. 
One of the results of dilatation is regurgitation through the mitral 
valve owing to the expansion of the ring surrounding the base of the 
valve.  An increased contraction of the ventricle during systole will 
tend to contract this ring more and therefore lessen the regurgitation. 
Roy and Adami have shown that the papillary muscles contract with 
greater force under these drugs, and this will also tend to render the 
valve action more competent. 
A  tempting  theory is  that  the  auricular  contraction  is  rendered 
more  complete  and  prolonged  as  is  the  ventricular,  and  that  the 
regurgitating blood,  instead  of striking  on  the  relaxing wall  of the 
auricle, is opposed by the completely contracted chamber, that in fact 
the closed auricle takes the place of the mitral valve.  In my experi- 
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was of but short duration, and the diminution of the force of contrac- 
tion was much more commonly observed.  This  action may conceiv- 
ably occur, however, at any rate in some cases.  It must be remem- 
bered that injection of the drug directly into  the blood  may not be 
followed by exactly the same order of events as its administration by 
the stomach, and it is quite conceivable that the slower absorption by 
this method may lead to the development of the muscular as opposed 
to  the inhibitory action to such  a  degree that  the  auricular contrac- 
tion is actually increased in force instead of being decreased.  If the 
muscular action could be divorced from the inhibitory, or rather if a 
drug be found in which the inhibitory action is  minimal, this  effect 
on the auricle would certainly be present, for when the inhibition is 
paralyzed by atropin it occurs regularly.  Unfortunately this  action 
of atropin cannot be made use of in practical therapeutics.  The ques- 
tion arises whether the addition of such a drug as spartein to digitalis 
might not by depressing the vagus be beneficial, in some cases at any 
rate, although spartein has little direct action on the heart muscle. 
It may be questioned whether the prolongation of the ventricular 
systole is  beneficial or not.  In  aortic regurgitation it  may conceiv- 
ably retard somewhat the return of the blood from the aorta, but here 
again the more complete emptying of the ventricle is more probably 
the important factor.  The prolongation of the diastolic psuso is  un- 
doubtedly a drawback here, although not such a serious one as Oorriga~ 
taught, for Roy and  Sherrington have shown that the blood  supply 
of the brain is actually increased by digitalis.  Still, here again a drug 
with the cardiac action of digitalis and without its  inhibitory action 
would presumably be  of greater .benefit.  Stenosis  of the  orifices is 
also benefited probably by the improvement of the dilatation, but this 
stenosis is almost always accompanied by incompetency of the valves. 
In  the right  heart  the  therapeutic  action  may be  explained  in  the 
same way as in the left.  The increased contraction of the ventricle, 
and perhaps of the auricle,  compensates here as  on the  left side for 
the dilatation and the valvular incompetency, whether these are direct 
results of disease of the left heart or of the lungs.  In  this  relation 
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of the  blood through  the  hmgs  to  a  very much  greater  extent  than 
strophanthus,  and  it  might  therefore  be  expected  that  in  such  eases 
as dilatation of the right heart from emphysema, the latter would have 
more benefieial results than  the former.  I  am unaware  of any syste- 
marie examination  of this point having been made as yet.  The weak- 
hess of the heart met  with  in  pneumonia  may be in  part  due  to  the 
increased diffleulty of the  circulation  through  the  solidified lung,  b.ut 
here,  as in  other fevers, is probably due  rather  to the  tome  products 
absorbed and to the high fever.  The action of digitalis here is there- 
fore probably due  to  its improving  the  nutrition  of the  heart  by in- 
creasing its output and the rapidity of the circulation,  and not to any 
special action on the right side. 
My  experiments  with  each  individual  member  of  the  series  have 
been too few to draw conclusions as to the comparative value of each. 
In one only--erythrophlcein--have  I  found any very marked  diverg- 
ence from tile general  action,  and  this  divergence is in  the  direction 
of a more marked inhibitory action and a less developed action on the 
cardiae  muscle.  In  order  to  produce  any  important  ehange  in  the 
latter,  quantities  of the  drug  have  to  be given,  which  call forth  the 
most marked slowing and  often arhyt,  hmia,  and this fact seems to me 
snfl%ient to preclude the use of this  drug in therapeutics,  at any rate 
as a  substitute for digitalis.  As I  have mentioned  above, in order to 
advance further in the therapeutics  of this  group we must find drugs 
with a  more decided cardiac  action and  a relatively smaller  action on 
the  inhibitory  apparatus,  while  erythrophkein  tends  in  the  opposit~ 
direction. 
In  conclusion  I  must  express  my indebtedness  to  Dr.  Miller  and 
Dr. Matthews, the assistants in the laboratory, and to Mr.  Perkins and 
Mr.  Wallace for the  patient  and  valuable  assistance  they have  given 
me in the experiments  carried out in the course of this  research. 
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DESCRIPTION  OF  PLATES  XV--XXII. 
The tracings all run from left to right.  The time-signal marks  seconds, 
unless where  specially  noted.  In all eases  the downward  movement  occurs 
in systole;  the upward  in diastole. 
Fig.  1.--Myocardiogram  from the right  ventricle and blood  pressure  from 
the carotid artery,  a, normal;  b, after  strophanthin. 
Fig.  2.--Myocardlogram  from the right ventricle and blood pressure  from 
the carotid  after  atropin,  a,  before  strophanthin;  b,  after  strophanthin. 
Fig.  3.--Myoeardiogram  from  the  right  ventricle  (above)  and  the  right 
auricle  (below).  a, before  digitalin;  b, after  digitalin.  There  is no  slowing 
nor  any  other  symptom  of  vagus  action  in  this  tracing,  although  atropin 
had not been injected and the nerves were intact. 
Fig.  4.--l~yocardiogram  from  the  left  ventricle  and  blood  pressure  from 
the carotid,  a, normal;  b, e, d, e, after erythrophlcein hydrochlorate. 
Fig.  5.--Myocardiograms  from  the  right  ventricle  (above)  and  right 
auricle  (below).  Strophanthin  in  large  quantity  had  been  injected  before 
this section of  the tracing;  complete arhythmia  of the ventricle and auricle. 
Fig.  6.--Myocardiogram  from  the  left  ventricle  on  a  faster  drum.  Time 
marker is set for Y5  second,  a, before strophanthin;  b and c,  after injection. 
Fig.  7.--Myocardiograms  from  the  two  ventricles  in  the  second  stage. 
Right  ventricle  (upper  tracing)  shows  very  marked  periodic  variations. 
(Strophanthin.) 
Fig.  8.--l~Iyocardiogram  from  the  right  ventricle  in  the  second  stage. 
Blood-pressure tracing below.  (Strophanthin.) 
Fig.  9.--Myocardiograms from the right ventricle (upper)  and right auricle 
(lower)  in the irregular  stage after digitalin. 
Fig.  10.--Myocardiogram  from  the left ventricle in  the irregular  stage  of 
strophanthin  poisoning. 
Fig.  ll.--l~lyocardiogram  from  the  right  ventricle  in  the  irregular  stage 
of strophanthin. 
Fig.  12.--Myocardiograms  from  the  right  ventricle  (upper)  and  left  ven- 
tricle. (lower)  in the second stage  (antiarin). 
Fig.  13.--Myocardiogram  from the right ventricle and blood-pressure  trac- 
ing from the carotid in the second stage.  (Strophanthin.) 
Fig.  14.--Myocardiogram  from the left ventricle in the second  stage  after 
strophanthin. 
Fig.  15,  a,  b.--Myocardiogram  of  the  left  ventricle  and  blood  pressure  at 
intervals of 5 minutes in the irregular stage. 
Fig.  16,  a,  b.--Successive  phases  of  the  left  ventricle  during  the  second 
stage.  (Strophanthin.) 
Figs.  17  and  18.--Cardiometer  tracings  of  the  cat's  heart  in  the  second 
stage of strophanthin  poisoning. 
Fig.  19,  a,  b  and  c.--Myocardiograms  of the right auricle  (lower)  and ven- 
tricle  in  the  second  stage  of  poisoning  (strophanthin).  In  a  the  auricle 
ceases  for  several  seconds,  but  recommences.  In  b  and  c  the  intervals  of 
auricular  inactivity  are  longer  and  the  movements  are  smaller  and  fewer, 
and soon after  v the auricles ceased  altogether. 
Fig.  20,  a  and  b.--l~yocardiograms  from  the  right  auricle  (lower)  and 
ventricle.  In  a  the pause  phase passes  suddenly  into  the  accelerated  stage 
in the ventricle, the  auricle  still maintaining  its  slow  rhythm.  The  accele- 
rated  ventricle is  quite  regular  after  a  few  seconds.  In  b  the  auricle  beat 
is accelerated  and stronger  ,  and both tracings  show beginning periods. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE.  VOL.  I!,  PLATE  XV. 
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